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" Abstract ' .

d The purpose of this report is to document the procedures followed in’

admlnlsterlng, scoring, and analyzing data gathered to examine the
construct validity of a set of superitems developed to assess student
levels of reasoning ability. . {
3 : , @ .
Each superitem includes a mathematical situation and a structured set
- of questions about that situation, The questions were based on a
recent taxonomy of learned outcomes. The assumption underlying this
report was that “tle response patterns of students to the superitems
would be interpretable. To judge interpretability, three primary
questlons'about the response patterns were raised. For each ques-
’ ' tidn the data strongly support the® valldity of the construct.
v

° ) Thus, we conclude that we were able to construct a va11d and useful

"+ set of superitems,

Xi




‘ * ’ .

¢ Introduction ' .

»

“Phe purpose of this document is to report the steps that were folléwed
:;l\ v to examine the construct validity of a set of mathematical superitems. A
) .

3 I3 ~\ . . . . N
"superitem" is a set of test questiorls based on a common situation or stem -
' ° - s

W

(Cureton, 1965). In this project, alpool of mathematical problem-solving,

»
-

situations and a set of dtems for each situation which were designed to , o

cy . . Ny
. . © . N

provide information abgut students' qualitatively different levels of

reasoning ability were developsd. The structure for the questions-within
e . \ ’

- .

the superitems were based on Coilis and Biggs' (1979) SOLO taxonomy used

to classify the structure of observed learning outcomes. The items were

r'd

prepared to be administered to students of 9, 11, 13, and 17 years of Fge.
An earlier repor% describes how the items were dé%eloped (Romberg, ny&is,.
Donovan, Buchanan, & Romberg, 1982). This report examines the constryct ' (&

validity of the superitems and the utility of the procedure for large.

Y -
scale assessments. : N .

- The project was funded by the Education Commission of the States (with ) .

‘

- funds supplied by- the National Institute'o%yEducation). Oétensibly the s
resulting items® would be useful in future National Assessment of Sducation o ‘

.

Progress (NAEP) studies in mathematics.

)
a! -

Construct Validity

.

. , The notion of construct\validity implies that the scores on a test

-
v -

can be meaningfully interpreted in terms of related concepts from a

psychological theory. The theoretical concepts are called "constructs,"

and the process of validating such an interpretation is called "construct

'.'L) LY
validation'" (Cronbach, 1960). :

.
.

ERIC | :
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Torgerson (1958) has argued that

science can be thought of as consisting of theory on the one
. hand and data (empirical evidence) on the other. The inter-
play between the two makes science a going concern. The
theoretical side consists of constructs and their relations . -
to one another. The empirical side consists of the basic ’
observable data. Connecting the two are rules of corres-
pondence which serve the purpose of defining or partially
defining certain theoretical constructs in terms' of observ-
able *data.. (p. 2) N\
\ .
By specifying some of the rules of correspondence which connect the
theory and data afd examining whether or not the data satis?y the

& - - N
theory, one.can establish whether or mot the scores are interpretable. ’

' The SOLO Taxonomy

The theory upon which this study was based was outlined by Collis
and Biggs in 1979. This theory is cbncerned with the reasoning and

judgment a studed&>displays in using existing knowledge. The SOLO

taxonomy is baseéd upon principles of cognitive development. Most

. -

psycﬂologists'agree that, when an individual learns something, he or

. - she interprets it in terms of his or her existing thought structures.
~ ' “
These structurescare modified and extended according to the demands

‘ . »

‘placed upon the learner. By so modifying his or her thought structure,
he. or she constructs an‘increasinély complex system of rules of thinking: :

. .
some rules are generals, applying to a variety of situations, while others
1 ' L ]

are specific to the subject matter learned. While this process is con-

~

tinuous from jinfancy to adulthood, certain general stages of cognitive

. - P
- g

~ ' development have been distinguished. The five stages of Collis and
# . . i

' Biggs used to deéeribe the stages in children's judgﬁenmﬁand reasoning .
. . p | T B ..
ability weére adapted from Piaget by Collis‘(l975):

3

- -

Q o ’ | . . ' .1:3
“-ERIC |
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"1. pre-operational stage (5 to 6 years)

2. early concrete operational stage (7 to 9 years)

3, middle concrete operational stage (10 to 12 years)

4., concrete generalization stage (13 to 15 years)

5. formel operational stage (16 years onwards)

Tﬁe development from pré—operational to formal operational runs
the gamut from the judgment of a situation made on the basis of

superficial appearances to one based on highly abstract principles.
] a2

The difficulty in directly applying these notions to school
learning was that - ' \
Piaget observed his stages of cognitive development under rathey
"jdeal" conditions involving individual testing on quite clear-
cut tasks involving general logical concepts, and so his stages
tend to outline the upper limit of intellectual functioning.
When we take performance in school subjects that require
specific knowledge, we get rather a different picture (Collis &
Biggs, 1979, p. 13).

.- R Ve .
They argued that the response a student makes to a typical school task
is more complex. In fact only under ideal counditions could the level
of response to such tasks be equivalent to the student's stage of
cognitive development., Most often the level of response is much lower
for a variety of reasons such as lack of knowledge of prerequisites and
lack of interest in the subject. Furthermore, they argued, like Case
(1979), that when confronted witl new or unfamiliar content, one's
initial reasoning about that content will be several stages lower than
would be demonstrated with familiar content.

Based on this reasoning, they proposed a way of describing responses

to typical school tasks, those tasks for which a student is giyen a




specific, finite set of information (a story, a problem in mathematics,

a set of data describing and examining a conéept or principle, a poem)

N -
and, on the basis of prior learning, is to answer comprehensive questions

.

to show that the data, their interrelationships, and their possible
+

relevance to other concepts were understood. Collis and Biggs chose to
S .

call this analysis the structure of the observed learning outcome (SOLO)

to emphasize that the responses a student makes to school content reflect
more than level of cognitive development,

" 'The relationship between Cognitive dévelopmernt and SOLO, and the = | — = o=
general characteristics of the latter, are outlined in Table 1. At : .
the extreme left is given the developmental base stage, in Piagetian |
terms, with the minimal age level at which the stage usually occurs. ‘
Next follows the name of the corresponding SOLO level. The reﬁainihg
column®®provide some characteristics of eash’SOLO level. |

Capacity refers to the availability of mind-space, or more techni- N
cally, working memory, that the differént levels of SOLO require. Funcﬁional

working memory capacity increases with age, as does the space required for

higher level responses. Relating operation refers to the way in which the

.

cue, and the aspects of the response, relate together. Consistency and
closure refers to two opposing needs felt by the learner: one is the need
to come to a Conclusioq of some kind (to close); the other is to make con- ' .
sistent conclusions so that there is nottcontradiction either between the
conclusion and the data, or between different possible éoﬁclusions. The

greater the felt need to come to a quick decision, the less information

will be utilized, so that the probability that the outcome will be

inconsidtent with the original cue, the data, or the outcome is increased.
Q ‘ o~
ERIC - : 15
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Table 1

Base Stage of Cognitive Development and Response Description

experienced
context using
related aspects

so inconsistencies may
occur when he goes out-
side the system

Developmental Base 1 2 3 .
Stage with Mintral SOLo ; . Relating Consistency 4 Possible Response Structure
hge Description Capacity Operation and Closure Cue ) Response]
i X e,
Pre-operational Pre-structural Minimal: cue Denial, tautology,| No felt need for ///‘5::2::;‘
(4 - 6 years) and response transduction, consistency. v .
confused Bound to Cluses without even [ R
,. specifics seeing the problem [ ”
o
I 0 &
}_._ _— e — [ . o
- -
farly Concrete Unf-structural Low: cue + Can "generalize" No felt need for :
(7 - 9 years) one relevant only in terms of consistency, thus, e
o datum one aspect closes too quickly: -
Jumps to conclusions s R
on one aspect, and .
50 can be very -0
tnconsistent 0
0
! . [ X
Middle Concrete Mults-structura) Medium: cue + Can “gencralize" Although has a feeling X -
(10 - 12 years) {soTated only in terms of °| for corsistency can be X
’ relevant data a fow limited and | inconsistent because
independent closes too soorn on basis "=::::::::E:::::::::::=-.R
aspects of isolated fixations on ,
s data, and so can come to  _
different conclusions 0
with same data 0
) 0
i ! X
Concret2 Relational High: cue * Induction. Can No ingonsistency within
Generalization relevant data + gencralize within | the given system, but
(13 - 137 years) inter-relations given or since closure is unique

] Formal
Cperations
{16+ years)

Extended Abstract

Maximal: Cue +
relevant data +
inter-relations
+ hypotheses

Deduction and
inductivn. Can
generalize to
situations not
experienced

.

Inconsistencies
resolved. No felt
need to give closed
decisions - conclusions
held open, or qualified
to allow logically
possible alternatives.
(Ry+ Ry OF Ry)

KEY: Xinds of date used:
Note:
e
ERIC
Phrir o e

x = Irrelevant or inappropriate

e = Related and given

g

in display

0 = Related and hvpothetical, not given.

From Classroom Examples of Cognitive Development Phenomena: The SOLO

Taxonomy by K. F. Collis & J. B. Biggs, 1979, p. 16.

16




On the other hand, a high level of néed for consistency ensures the
utilization of more information in making a decision, so that the
decision is likely to be more open. Structure is an attempt to repre-
sent these characteristics in diagrammatic form. The g%udent may
respond to the cue by using three types of data: irrelevant data
(represented by x); related data which are contained in tshe original

display (represented by @); and data and érinciples which are not
. , -

given but which are relevant, hypothetical and often implicit in the

3

b data (represented by 0).

For this project, we hypothesizgd that by using the SOLO framework

-

one ought to be able to design items such that a series of questions

B4
based on the stem would require more and more sophisticated use of

the information from the stem in order to obtain a correct result.

This increase in sophistication should parallel the increasing, com-

plexity of structure noted in the SOLO categories. \

Thus, as described in the report of the development of superitems

-

(Romberg, Collis, Donovan, Buchanan, & Romberg, 1982), the construction
of the items consisted of two parts, writing the stem and constructing

questions to reflect the SOLO levels. So that a correct reéponse to

each question would be indicative of an ability to respond to the infor-

mation in the stem at least at the level reflected in the SOLO structure

of the particular question, we used the following criteria to write

questions:
Uni-structural (09D) Use of one obvious piece of information
coming directly from the stem.
Multi-structural (M) ' Use of two or more discrete closures

directly related to separate pieces
of information contained in the stem. :

ERIC | 17 - -
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! » . s

Relational (R) Use of two or more closures directly
related to an integrated understanding
~of the information in the stem.

Extended Abstract (E) Use of an abstract general principle
or hypothesis which is derived from
or suggested by the information in
the stem.

In each superitem, the correct achievement of question 1 would

v

indicate an ability to respond to the problem concerned at at least

the uni-structural level, Likewise success on question 2 corresponds
to an ability to respond at multi-structural level, and so\on.
S o \

An example of items constructed in this manner is shown in Figdre 1.

"

The stem provides information and each dquestion that follows requires

the student to reason at a diffefent level in order to produce\a correct

\\
response.
Rules of Correspondence Between the Theory and Data
_ Superitems like the one in Figure 1, when given in group testing

-

situations, yield a lot of data-—answers and often scratch work or notes &-

~
.

related to the answers. While much of this information could be coded,
in this study only whether the answers’ were correct or not was coded
(1 = correct, 0 = incorrect). Thus, the actual data forvany student
on a set of superitems are a string of 1's or 0's. Thus, if a group

of students were to take a set of superitems similar to the one shown
. - . \
in Figure 1, a data matrix such as the one shown in Figure 2 would

3

result.

The structure of the SOLO taxonomy assumes a latent hierarchical

and cumulative cognitive dimension. Consequently, the response

ERIC 13
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v

This is a machine that changes numbers. It adds the number you
put in three times and then adds 2 more. So, if you put in b,

it puts out 14,

U. If 14 is put out, what number was put in?

M. If we put in ? 5, what number will the maching put out?

R. If we got out a 41, what number was put in?

E. If x is thé n;mber.that comes out of the machine, when the
number y is put in, write down a formula which will give us

the value of y whatever the value of x.

Figure 1. Example of a superitem written to reflect the SOLO taxonomy.

o




9
g -

Superitem 1 Superitem 2 ° . Superitem I
Student UMRE UMRE UMRE
1 X X X X X XXX X X X X
. 2 XX XX X X X X ... . YXXX
3 X X X X X X X X X X XX

14 -

N XX XX X X X X X X X X

>
i

1 if correct, O if incorrect.

[
[

Uni—étructurél,"M,F Multi-structural, R = Relational, and
: E = Extended Abstract.

Figure 2. Basic data matrix for student responSeshto a set of
- superitems—based o the SOLU taxonomy.

“
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.

structgre associated with any level of reasoning determines the response

structure associated with all lower levels, in the sensé that the pres-

ence of one response structure implie; the presence of all loyef response

structures. from this we raise the followiﬁg questions with reépedt to

the pattern of responses for each item (each column in Figure 2).
Question 1. Fqor each item is 'tiie pattern 6f responses a

- Guttman true-type response?
. ?

The five expected response patterns for each of the superitems is

shown in Table 2. These five response patterns are called the Guttman °

as an error. A measure of the extent to which the observed response
patterns beldhg to Guttman true types ¢an be used to answer this first

question. ' -

= true types (Guttman, 1941). Any deviation from a true type is classified. = . .

Table 2

Y

e e R
Guttman True-Type Response Patterns for.a SOLO Superitem

Response Pattern SOLO Response Level — )
,_ U M . R E
1 0 0 0 0
2 1 0 0 0
3 1 1 0 0
\ - 1 1 1 0
5 1 - 1 1 1

'S
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Quéétion 2. From their responses can the students at each
. age level be grouped into interpretable groups
which reflect the'SOLO levels?

The aggregated scores of students on superitems corresponding to

the four levels of"reason¥ng in the SOLO taXonomy provide a basis for

a possible natural arrangement of subjects into homogeneous -groups.

- If a student's responses to a set of superitems are all Guttman true-

«

type responses, and if the student is at a particular base stage of
[ - A3 9

‘development (see Table 1), one would expect the average response pattern

across several superitems to reflect that base stage of development. It

- e e i e o i e s s 8 e e e e e+ e e e —mraninne

would not be expected that the response patterns would be identical for

every superitem since knowledge of prerequisites, familiarity,.proéedural .

a

errors, and so on are also operative. . d

Furthermore, for a large number of students at any age level, one

@

would expect that groups of students with similar response patterns for

~a set of items could be identified. It is plausible that the profiles

of response patterns for the. groups can be interpreted in terms of the

SOLO taxonomy.

The brofiles'which would be iunterpretable are based on the notions

3

of equilibrations which involve "formation instability combined with a
<
progressive movement toward stability" (Lahger, 1969, p. 93). Cognitive
development is seen as "sﬁiral" and, in particular, it is assumed that
"to go forwérdﬂit is necessary to go backward: the first step toward
progress is regress" (Langer, 1969, p. 95). From a consideration of

° 3

this notion, four suggested responée profiles for students based on

the SOLO superitems for two neighboring levels of performance are shown




‘ ¢
in Figure 3. .The first (X)‘and last~ (Y) steps show stability of perform-

.

ance at’'neighboring cognitive levels. The steps in between show the

egression from X t+ Y (X*) and the progression from X to Y (*Y). These

=

are seen as steps in the transition between cognitive levels.
3 R

7

In actuality the profiles shown in Figure 3 are ideal. . The actual

profiles found in this study are likely'to be different for two reasons.

K

First,‘because the questions at succeeding levels are more complex, there

is an increase in the probability of making errors at, higher levels. Thus,

the B_Values for Y will be lower than that for X Second, since the super—

o e e e e 2= < a4 % e i+ S e e ¢ e e e o et e e e e s ame s e et

items involve different content areas and require students to read the
items, either unfamiliarity with the specific content 9f an item or in—
ability to read the words would depress the patterns shown in Figure 3. -
If parLicular“E values on X and Y are similar but moderate; students

would be reasoning at the Y level on those problems they understood We
have decided to indicate this pattern by adding the symbol " ¥ to its
deseriptors. In summary, if a student profile for the set of superitems
ean be grouped with other student profiles andhif thé groups' average
nrofile can be judgea as similar to one of the four profiles_(including
depressed profiles) shown in FigureUQIMthen interpretability in terms of

a developmental base will be claimed.

Question 3. Does the superitem test format have an effect
) on the responses to questions at various levels?

It has been assumed that the individual questions within a superitem
are not independent. In fact, it is the lack of independence that led

Cureton (1965) to his discussion of such superitems. Furthermore, the
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nature of the depepdency needs to be detefmiged.‘ It is possible that

3N

asking the student a multi-structural question may focus his attention ..
on one aspect of the problem, or asking a relational question may sugest
an approach to solving an»eifénded abstract question, Focusiné the

- N LU
child's attention in this manner may either facilitate or (debilitate

»
LY 2

the problem-solving process., We assumed that asking a lower level ques:

.

L y f
tion would facilitate a student's response for -a higher level question,
. o

>
-

but asking the higher level question first would be debili.tating on the

~

lower.level question. For example, if a group of students were to take
4 ’ ‘ .

a.set of multi-structural (Ml) questions, a second set of relational

(Rl) questions, and a third set of two-question superitems containing

both types of questions (M2 and R2), the group means for M questions

and R questiéns would be iﬁ > iﬁ and iﬁ > iﬁ .
1 2 2 1 N "

To measure this effect, tests consisting of subsets of questions
from the total set of superitems needed to be assembled. One test
coﬁtained only the uni—structgrél question, another the multi-structural
question, and so én. Other tests were also assembled, esach containing

two or three types of queétions. From scores on these tests, it would

te possible to determine if the questions had an effect on each other.

In summary, these are the three basic questions we planned to examine

in this study. Answers to the first two questions are.related to the

construct validity of the SOLO taxonomy and the answer to the third

a

question is about the independence of questions for the superitem format.
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Other Questions -

Ip constructing tests containing a set of superitems and administering

o

thes= to a population of students, we raised these additional questions.

Question 4. VWhat is the peliability of a test made up s
of superitems?

. o

v
If the results of the examination of Question 3 indicate the questions

«
I3

o . K¢ .
do not have an effect upon one another, théﬁ the standard procedures for

éstimating the reliability of a test form would be appropriate. However,

»

if the results indicate the responses to the questions are not independent;
then those procedures would produce an inflated estimate of the reliability

of the test. ' . . L 2
“ A
4

. s . 4 i
in the event of this occurrence, then the unit for estimating the:

reliability will not be the individual questions but rather the super-
k4 ' . .

’ ¢

items. The internal consistency of a test form can be éstimated by

KR-20 as suggested by Cureton (1965) to counter the effects

- s A

of correlated
errors of measurement produced by the differences among subjects in general
comprehension of the item stem. . -

. ' 3 o .

What is the~readidg level of each.superitem? ; \

Question 5.

a

Since we planned tg administer the same superitems to students of .
ages 9, 11, 13, and 17, it was reassnable to check’é; the %eading level
of the textual inf&rmation-in the superitems. TIn many caseé, on; could
argue that iﬁability to solve a p;bblem might be.attributed to a lack . .

'

of adequate communication and comprehension rather than inabilitygto,

.

opégate on a certain reasoning level., To rule out this plausible
' [

~ ‘,“;}{"

interpretation, a readabililty analysis was undertaken. - . .
) r it
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Question 6. What is the relationship of a student's pattern i
- of respbnses on a group~administered superitem ,
~ test with Hﬁs/her pattern on similar items given

in .an interview situation?

. A Y
Under thé assumption that data gathered in individual interview

situations are\more valid than data gathered in less costly group

testing situatdions, we decided to see if the patterns of responses

differed in

he two situations, In fact, we assumed that .,the interview T

.

scores would be slightly highéft because reading or procedural errors
can be cgrrected and that the patterns of responses would feflect the

same underlying base stage of

development. AV

In summary, we believe that the construct validity of a set of ’

.

superitems can be established by answering these six questions which

@ N

relate.the SOLO theory to observable data,

-~

Test Administration

. v Vi

Cpnstruction“pf.ltems , - ) . .
fhe developmeng aﬁd péeliﬁina?y validatio; of the set of superitems "
is fully documeﬁted elsewhere ﬂRomberg et.al., 1952)( The final set of
39 items representgd seveﬁ.content categories as follows:
Label o Content ‘Categories Number of Items .
A Numbers and Numeration - ! ) ’
B - Variablés and Relationships - _ -8 ]
c | 'Size; Shape, and Position, L | 6 , |
b ‘ . ﬂeagu;ement ‘ | ﬁ .6
E Staéiétics ané Probability 7 )
F " Unfamiliar . . : 4
- 39
¥
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.

One B item which had been particularly enjoyable for students at all

ages and had discriminated well among levels of reasoning was chosen

for the sample item (see Figure 1). Three of the most difficult items

were judged appropriate oﬁly for 17-year-olds; three of the items

easiest for 17-year=olds replaced them for the 9-, 1ll-, and 13-year-

olds. Thus, there were 35 items available for assignment to test

batteries for the 17-year-olds and 35 for 9-, 1l-, and 13-year-olds.

. Description of the Tests

Separate group—administéred tests were prepared for the l7fyear—glds
and for the 9;, %l—, and 13-year-olds. Separate tests werevnecéssary
because in addition to the difference in items noted above, the tests
for the 17—year—plds included the questions for all four levels of
reasoning (U, M, R, E), whereas the fésts for the three lower age levels
did not include the extended abstract question. The two tests were
further prgani;éd in two booklets to accommodate most conveniently the

two formats in which the items would be administered (Booklet 1 to

gather data to examine Questions 1 and 2 and Booklet 2 to answer

-~

Question 3). The séparate bookleté also were designed to discourage
students from referring to previéus work on an item and to allow
efficient scoring and data, processing.

Booklet 1 contained items in the basic superitem format. Five test
EOrms of seven items each were éreated for each of thelﬁwo age“groups
(l7-yea£-blds and 9j, 11-, énd l3—yeaf;olas) by randomly aééigniné items,
with the restriction that each cébntent category except F be~répresented

at least once but not more than twice per form. The assignment was

~

[
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adjusted so that items in the same content category were not contiguous
within each form. The.assignment of items is ogtlined in Tablgslg»and
4. Since tge:intent of the testing was to validate items, rather than
to measure individual achievement, time limits were not set in the usual
sense. However, based on the trial.administfation of the items, it was
suggested that 40 minutes total (about 5-6 minutés per item) was syf—c.
ficient time for mostistudents.' Booklet 1 also inecluded directionms,
sanple items, and a mathematics attitude questionnaire adapted from
Nimier, Galmiche, and Mandrille (1980).

In gooklet 2 the items contaiﬁed the stem and a question at a

single level of reasoning or the stem and two questions in one of the

three possible pairwise combinations of three levels of reasoning.

For 17-year-olds the items contained the stem and level(s) M, R, E,
MR, ME, or RE. Level U, was not included’in Bocklet 2 for this age
group although it was in Booklet 1. Using levels U, M, and R,’similar
i:ems were cons£ructed for 9-, 11-, and 13-year-olds. Thus, there
were six forms of Booklet 2 for each age group, with forms containing
only levels M and/or R common to both groups. Each form contained the

same 10 items, randomly selected with stratification 'according to con-

tent categories from the 32 superitems in Booklet 1 common to both age

groups. The 10 items, in the order of presentation, 'are listed in

Table 5. Because each item had ode or two fewer parts than in Booklet 1,

about 4 minutes per item was suggested or 40 minutes total, Booklet 2

also“épntained a éhort, timed Vefb@l scale adapted‘froh the Similar
Words Test (Romberg & Wilson, 1969) and the‘NAEP‘étudent qﬁeétionnaires

for the appropriate age level.

25
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Table 3
‘ Order of SUperitemslbY Form for 17;¥ear—01ds'
R Question o - Form
Number . s1 < & ” -
1. cé6 cs CII c3 .-
2 . B2 D6 E7 B6 ‘ bl
3 BN 2 D3 £3°
4 . n® D2 D4 B4 P2
5 : DS K E6 BS E5 1
6 | B8 B3 . A8 A
7 MG El A6 F4 E4

i
1B

%1tem not included in.testé for 9-, 11-, and 1l3-year-olds.




Table 4

Order of Superitems by Form for 9-, 1l-, and 13-Year-Olds

Question Forn_: i )

Number UMRL UMR2 UMR3 UMR4 UMRS
1 A3 B4 c2 F4 cs
2 - B3 F2 BS A6 a2?

’ 3 D2 E7 D4 B7 ES
4 " E6 B8 " E4 A7® B2
: 5 | c6 Al As® El AL
) 6 Dl Ch ES D3 D5

7 A8 D6 B6 c3 c1

#Item not included in tests for 17-year-olds.




Table 5

Order of Ten Superitems Randomly Selected

for Booklet 2a

Question !
Mumber . Item

1 A D3

2 B7

3 B2

e 4 A3

5 : El

6 » cl

7 . D2

87 | A6

; o

10 E6

aItem order is the same in all
forms (U, M, R, E, UM, UR, MR,
ME, RE).

-

21
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Ll

The level of reasoning tested in all forms of the two booklets is
outlined in Table 6. The five forms of Booklet 1 and six forms of

Booklet 2 for each age group were systematically paired to ensure

vapproximately equal numbers of all Sbssible pairs. Individual student

packets containing the two booklets were then randomly packed for dis-
tribution,
Copies of the directions for students in Booklets 1 and 2, the

sample item, and the accompanying admfhistrator's manuals appear in

Romberg et al., (1982)

SamEle

A central Wisconsin school district serving a community of 32,000

and the surrounding rural area agreed to provide a sample of approxi-

mately 300 students in edch age group for the administration of the

batteries. The school district is comprised of 2 high schools,ra

middle SChOOl,'and 13 elementary schools., The entire grade 12 popula-
tion of 310 students at one high school was tested; an additional sample
of 56 students was selected fron the second high school to ensure a
sufficient final number of 17-year-olds. Because the middle school
administrators viewed the testing as a desirable learning experience

for allvstndents, the entire grade‘8 population, primarily.lé-year—olds,
of 562 students was tested., Of the 13‘elementary schools, é were ran-
domly selected to participate, providing a sample of 405 grade 6 students,
ll years old and 323 grade 4 students, 9 years old |

. The school dlstrict admlnrqtrators were extremely cqoperatlve in:

making arrangements for the testing, particularly in establlshlng a

-

AR
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Table 6

Assignment of Test Questions to Test Forms by Reasoning Level

S0LO Response Level

Form
U M R o
. Booklet 1. ‘
S1 | X X X X
52 | X X X <
S3 . X ‘ X : X X .
S4 , X _ X X ' X
S5 X . X X _ X .
UMR1 X X X
UMR2 X X X
—m3 X X X
UMR4 X i X . X
UMRS X | X X
’ Booklet 2
U X
M X
v o ,
R ‘ X
g ' X
UM X X ‘ '
. ' N .« .
! UR X . , X | ' s
MR " _' | " ‘: v | ; ‘ . ‘ < . . ‘l )'(
ME : X _ ) X
RE - : X . X
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pbsitivef;ttitude towérd‘the testing among students and parents. This
was especially important fof fhe grade 12 stggents who were npg required
to participate. A letter publicizing the testing and encouraging full
support was sent by direct mail to every parent, _After reductions dﬁe
‘to absences, gnderage/overage students, and a few cases of unusable
data, the final Sampie sizes were: ’
Age Number i
A 303
v 13 . 490
- , .11 370 ‘
. 9 308
Data Collection » - .

The tests-were-administered during the weék of September 14-18, 1981.
D : .
Test packets containing the two booklets were randomly distributed to stu-
dents. At the high schools; R&D Center étaff members assisted by school
‘staff administered: both bookfets duri;g the first three class periods of
one schoql day with the students assembled in several large group areas;
there were two one-hour sittings with a short break between sittings. The
additional studéﬁts from the second high school‘were tested during two
mathemaficg clgés‘periods by the classroom teacher. The mathematics
teaghers ih-thg.middle ééhoal édministered!the tests during math class

?“ times on three cbnsecupive QAYSi both- questionnaires and thg'verb;l .,
scalé wéfe given.thé firét day_fbliowea by the acﬁual.fest; ;n_the'
Seconé and EBird da?s. A; tﬁé eleménfa;y schools{ tﬂe two booklets

were administered in two one-hour sittings on consecutive days by

classroom teachers or by the building principal. The building principals
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for all participating schools completed the NAEP-Principal’'s Questiouﬁaires

providing background information on students such as socioeonomic status

o
-

and mathematics course experiences.

Follow-up Validity Check

The validity of the resﬁonses generated in the group—administefed

t
_test setting was examined about six weeks-after the initial administration

by means of individgal élinical interviews conducted with 12 §tudents at
each age level. Each student ﬁas administered two superitems.

In summary,_data f;om 300-500 students at each of four ages, 17, 13,
11, and 9‘years were cbllectéd via two booklets containing a sample of
’the constructed items/ Thése data along with follo&—dp’interview data

from a small sample were used to answer the six questions being addressed

in this study.

i

Analys{s Plan
In this section, the technical procedures that wére followed to examine
the three primary questions and three additional questions are presented.

Question 1. For each itémbis the pattern of responses a Guttman
L 3
5 ;

true-type re nse?

Three indices were used to examine whether the responses of students
) AN

at each age level for each “superitem Qége true Guttman types., First, a %
B . \\\ i . .
coefficient of reproducibility was calculéged in the following way:

N

' R . e - O\total no. of errofs,
goeffigienp of reprodugibility‘(r) .{ " total ho..of responses

q . * N

Any response pattern which is not a true Guttm?n‘}ype‘(see Table 2) is

N
N,

considered an error. Thus, if there are no patterns which are considered

. errors, the coefficient of reproducibility is 1 and thexspale is a perfect

» »
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1

. : 1
‘Guttman scale. If all respomse patterns are errors, then the coeffi- ‘

i

- cient is obviously‘ze;o.

_In addition, '??db’t(if."(]:9'7'0‘)" formulated a probablistic representa-
tion of the observed data in order to basg the écqeptability of Cuttman
method on statistical criteria of goodness éf'fit rather than judgment
and éxperience. Baéed on ﬁaxiqgm likelihood procedures, a misclassifica-
tibn.paraﬁeter (p) is calculated. This is baéed on the predicted distri-
bution of response fypes. Then,’the goodness of fit of the observed“'
distribqtionﬁof types to the predicted one is investigéted by chi-square
techniques. The overall chi-square value is found by summing the chi-
square values for all pattern differences between predicted and observed
frequencies.

.A scalogram analysis using Proctor's modification (SAS, 1979) was
done for each superitem separately for the four agejgroup Popqlations.

) . o ) .
The scale had four points (U, M, R, and E) for the 17-year-old population

and three points (U, M, and R) for each of the 9-, 11-, and 13-year-old

age _groups.

In summary, for each superitem administered in this study, three

indices-are reported for each age 1evé1-—a coefficient of reproducibility

(r), a probability of misclassification (p), and an overall chi-square for
differences between observed and predicted frequencies for the patterns
of responses,

Question 2. From their responses can the students at each

) age level be -grouped into. interpretable groups
which reflect the SOLO'levels?
The maximum hierarchical clustering method (Johnson, 1'970)' was used
f

to partition the students on each form and across forms into homogeneous

37

. -




O

RiC

Aruitoxt provided by Eic:

v

"multi-structural- (M), relational (R), and extended abstract (E). Before -

el

the effect of sequence could also be examined ;ia_two alditional analyses

'who did not take agy M questions in Booklet 2, with "the mean of students

27

groups based on score vectors whose four components were the aggregated

scores on the four taxonomic levels of reasoning: uni-structural (U),

]
this analysis was carried out, items which failed to reflect a Guttman

e

scale, as a result of answering Question 1, were omitted. Different
possible number of cluster groups were comsidered and then profiles of
means for each cluster group on each level of question were contrasted.

These profiles and contrasts were then examined to see if they were

intefpretable (see Figure 3). Clusters were first found for each form
and then a sample across forms for each age group.

!
Question 3. Does the superitem test format have an effect
on the responses to questlons at various levels? "

To examine -the ‘effect of asking several questions based on the ‘ “
same item stem, three different ANOVAs were performed. Ffom
Booklet 2 responses only, an ANOVA was carried out in which the data
for ea%h‘type of question from each form were contrasted. In this

manner, the effect of form could be tested. QAgain“we:assuZmed that
j .
answering a lower level question would facilitate answering a higher

level question:correctly, but being asked to answer a higher levef

.

question wouid debilitate answering a lower level question corvectly.

-, - o
.

Second, since Booklet 2 was given after Booklet 1 for all students.

L

of variance. The second ANOVA compared means for, each reasoning level

for 1ndependent groups of students on Booklets * and 2. For example. : ’

»
\ 1

th1s analysis compared ‘the mean on M questions for students on Booklet' 1 R

.
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o

‘'who did.have M questions in Booklet 2. The third ANOVA compared the
/ ° - . . hd .

difference scores for .students who had the same level of questions in
¢ ' . Al

bot% Bopklets 1l and 2. For example, the difference in mgan M scores L
between both booklets were found fo; étudgnts who took M, UM,  and MR
forms in Booklet 2. Again we assumed means for the higher level ques-
tions in Ruoklet 2 would be highéy than they were for-Booklet 1.

- N & . .

Question 4. What is the reliability of a test made up : 7 ‘

of superitems? gs’

For each form in Booklet 1, Cureton's (1965) édéptatioq KR,, was

4

- found:
?
- Loj ‘
K 1
K-1 noz i .
t.
-] . \
where
/
K = number of superitems
0; =’ score-variance on each superitem, The ' ’
score on a superitem is the sum of scores. T \ )
Oé = score-variance on all sﬁperitems.
Question’ 5. What ‘is‘the reading level of each superitem? ’ .
BN . .

To examine the readability of the texts of the superitems, all

mathematics terms were deleted before the text was entered into a textual,

analysis computér program (STAR,.1978) which proviaes four readability ..

- v

indices. The Flesch Index (Flesch, 1948) is a predicted scorefbased'bn

s
-

. . . . ) : PN ~ ’ . . ¢, .
" average word length, in syllablés, and average sentence length, in words,

B -
-

with"a range from 0O, practically unreadable to 100, easy for any literate

3
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, s \

- .‘person: The Dale ‘Index (Dale, 1948) is a predicted score based on

¢

@ - . ' e
average sentence length and number of unfamiliar words, those not on

the Dale List of 3000 words,  The FO@ Ipdex'(Cunning, 1952) is _.based

caliber words, words of

o

on average sentence length and number of high

three or more syllables, . Therny Index (Fry, 1967) isﬂbased on averagé

a -
® .

number..of sentences and the a%E%age number of syIiables. The FOG and
ol » I . ’ .
Fry indices are grade-level equiyalent), -and the Dale I@dex includés

e " % : s LI >
corﬁéction tables which'give the grade equivalents.

For the 17-year-old bopulation, these indices were based

.

on the

~

- . '
total superitem (stem and four questions)‘éaministeﬁed; for the 17-year-

.

T . S ) .
olds to answer E questions, some new informat;pn in thosegzquestions

3

needed to be wunderstood. Fortthe other populétions, these indices were
- . o k4 . )
based only on the stem and U qaestion,’ which contained (the basic infor-

¢
. * . p S8

-

mation which needed to be read and understpod. | - “

. N\ )
. . - o

a . L .
Question 6: What is the relationship of a’sﬁudenﬁfgypat%ern )
of responses .on a group—administered superitem
test with his/her pattern on similar items
¢ . ‘given in an'interview situation?

»

Since a.very small sample 6f students were individually. interviewed,

only des&riptive information has been provided about the relationship
’

between a student's performance from the interview sittings with his/her

performance in groug‘igsting.'
(8} .

-

Results n
' y L e s

.. The results of data analyses are presentga Sepafately for each .

-question. - Within e:%h question, data afé»presgﬁted;for'l7j,‘l3—, 11-,, ' ..

éﬂﬁ 9-year-olds., : . _ IR

-

.' '\}‘ B ‘ ' _' . ::;.‘

‘ -
s e . . 2 ° ' »
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Question 1, For each superifem is the pattern of responses
a Guttman true-t response?

v — — e ——

The purpose of using Guttman scaling procedures was to examine

¢

the extent to which the latent cognitive dimension under consideration

is hierarchical and cumulative., A suﬁeritem was considered to be a

Guttman trie-type if r > .85, p £ .15, and xz was not significant a’

: the .05 level.

.

. For 17-year-olds, the results of the scalogram analysis are shown

in Table 7. Qf the‘35 superitems;'3l have a coefficient of reproduci-
bility (r) greater than .85. This means that the errors, i.e., deviations
from Guttmaﬁ grue typés. are less than 15% of all responses for these
superitems. The probab%lities of misclassification (p) are not more

than 15% for 30 ;f the 35 superitems. 760nseduently, there was no more

than 15% response error for the items, based on the observed frequencies
]

. of nonscale types for 30 out of the 35 superitems. The goodnesé of fit

between the actual distribytion of frequenties of types and the predicted

distribution based on the required probability of misclassification is

o

given by xz. Tﬁexzvms significant at .05 with df = 10 for only six
superitems, five of which had a high probability of misclassification.
The six superitems {%E which ohe or mnre index indicated a problem are:

B F1,.B8, E6, B3, C2, ahd D3.

-

An inspection of the six superitems and the percentage of correct

responses on each of the four taxonomic levels U, M, R, E (see Table 8)

reveals that for four of the superitems, the percentages are not in the

¢ ]

[¥aN
fh
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A 1 .
Coefficient of Reproducibility (r),

Probability of Misclassification (p), and x>

for Each Superitem by Form--17-Year-0Olds

4

Superitem T p X
967 FORM L " 45y 7.2
S> ‘.885 . .095 © 6.7
/ﬁ .967 .033 2.9
877 - .1542@ 23.3%%*
.991 .008 1.5
B8 v 778 .2512 43, 1%%
AL - .991 .008" 6.6
. FORM 2
c5 -1, 000 . 001 .1
. D6 .939 .005 7.4
A3 .922 - .070 10.6
D2 .939 . 057 11.1
E6 .7842 .2508 33.6%%
B3 .8102 .1862 38, 3%*
El . 948 . 046 7.6
FORM 3
F3 .976 .020 5.4
E7 ', 984 .014 15.1
c2 .8002 .2182 56.8%%
D4 .969 .030 2.1
BS .907 .086 3.8
Ch . 915 .083 16.2 i
A6 . 946 . 048 3.3 i
FORM 4
c3 .903 " .100 11.6
B6 . 982 .017 2.9 .
D3 .868 .140 20.4%
B4 . 929 . 054 14 .8
E5 1.000. 1,001 .2
A8 . 964 .032 3.0
F4 . 982 .017 3.9
FORM 5
B7 . 943 047 6.6
D1 .983 .016 9.9 )
E3 .887 ' .100 16.6 ° d
F2 .919 .099 11.1
cl .991 .008 2.2 ‘
Al . 943 .053 3.8
E4 .991 . 008 1.6
-l
aCf%%erion not met.
*p < ,05
*%p < 01 :

[YaN
o0
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Table 8
- ] Percent Correct by SOLO Level for the Six Superitems
P -Which Have Significant Probébility of Misclaésification——l7—Year Olds
superitem " s ‘ SOLO Response Level
U M . R E
Fl v 93.4 67.2 57.4 9.8
B8 . . 62.3 42.6 70.5 3.3
L6 < 89.7 “32.8 58.6 . 13.8
B3 | 9.6 65.5 46.6 63.8
C2 49.2 84.6 16.9 .. 1.5
D3 94.7 | 70.2 77.2 i 12.3

directions predicted, by the SOLO taxonomy.l For example, both the

U and M level questions for superitem B8 were considerably more Y,
difficult than the R level item. Similarly, for three other superitems,

one question is ciearly out of line (R for E6, E for B3, and M for C2).

Therefore, it is reasonable to argue that these four superitcms have:

lTo generate the aggregated data across responses, we used the LERTAP
item'analysis program (Nelson, 1974). This program yields a p value for
each item and several standard item characteristics such as biserial
correlations with the subtest (e.g., U and M), Since interpretation of
the item analysis results was not anticipated because of the nature of the
test and the underlying model; these data were not examined. However,
the p values and biserial correlations are reported in the appendix.

BN
()




33

Esl

deficiencies inherent in the specific questions. These deficiencies
. —

-

" might be attributed to improper categorization of the questions to"

levels, or ambiguity in the language of tﬁe items, or some other cause.

For both of the other two items (Fl and D3 ), the p values for
the M and R questions are similar. An examinatioﬁ of the actual patterns
indicates that the 1010 error pattern occurred considerably more often
.éhan expected (10 times for F1l and 12 for D3).

gyus, for 17-year-olds, only 4 superitems have practical problems
which indicate they do not reasonably reflect the SOLO taxonomy, 2
superitems.are questionable, and 29 are satisfactory.

The results of the scalogram analysis for 13-year-olds are shown
in.Table 9. Of’ghe 35 superitems, 31 have a coefficient of reproducibilify
(r) greater'than ,85. The probabilities of misclassifabtion (p) are not
more than fS% for 32 of the 35 superitems and no significant departure
from the predicted pattern was found for 28 superitems} Overall there
are. "8 shperltems for which at least one negative indicator was found.
For these 8 items, the percent correct on each of the three taxonomic
levels U, M, and R 1is shown in Table 10.2 For three of the items (E6,
B8, and C2), one scale mean is coﬁsiderably out of line with the SOLO
theory and each is considered negativ; on each indicator. For two of
the itgﬁs (F2 and Cﬁ), there is no consistent Guttman pattern.
Superitem D5 has a,relatively easy R question which yielded 18 101
response patterns kerror). The remaining superitems, Cé aﬁd A2, both
have hard R qqestions, These yielded fewer than expected 111 patterns

'
i

and hence signifilcant x*'s

a

Item p values and biserial correlations are‘reported in the appendix.

44
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Table 9

Coefficient ‘of Reproducibility (r), Probability of
Misclassification (p), and X% for Each Superitem
‘ by Form--13-Year-Olds

\

4

Superitem - r

[

P X
Form 1
A3 .987 . .016 ) 2.1 °
B3 . 945 Yo, 066 6.3
D2 .987 .015 4.8
E6 .804a .290a 33, 1%%
cé .951 .070 7.9%
D1 .963 . 038 3.7
A8 .969 .043 2.6 . .
Form 2
B4 .958 . 041 4.7
F2 .862 L142 20, 4%%
E7 .972 .034 4.3 -
B8 .725a .709a 14, 2%%
Al .917 .095 3.1
Ch .786 a .2602 6.9
D6 .910 .093 1.9
Form 3 -
c2b 6492 - -
B5 .943 . 065, 1.2
D4 .986 .021 .3
E4 .993 . 008 A
AS .936 .075 2.3
E8 . 915 ) .076 .9
B6 .950 . 065 2.0
Form 4
F4 .957 . 064 1.3
A6 .950 . 060 .9
B7 .964 L042. 2.8
A7 .929 . 081 6.1
El .964 L034 1.3
D3 .873 .119 22 4k
c3 .915 .131 3.5
Form 5
cs .971 .030 1.0
A2 .922 .088 9.5%
E5 .985 . 016 1.7
B2 .858 .135 6.4
A4 .985 .018 2.5
D5 .992 .010 .9
cl .037 3.9 °

. 964

aCriterion not met.

bItem scaled very poorly so that p and»x2 were not cal-

culated
*p < .05
**p < ,01
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Table 10
Percent Correct by SOLO Level for the Eight Suﬁeritems_
Which Have Significant Probability
of Misclassification--13-Year-0lds
- ‘ SOLO Respdnse Level
' Superitem - -
U M R -
E6 ‘ 83.5 13.8 - 32,1 ’
Cé6 84,4 88.1 .9
F2 80.4 86.6 80.4
B8 49.5 27.8 51.5 X
ch ’ 60.8 59.8 32.0
c2 17.9 58.9 24.2°
D3 T 947 61.1 - 65.3
A2 » 53{2 : 58.5 _ 1.1
N e

Thus for the lj—year—olds, there are 27 satisfactory suﬁeritems,
3 that are questionable, and 5 that do not reflect the SOLO taxonomy
levels.
e For the 1ll-year-olds, the results of the scaiogram analysis are
Sho&n in Iable 11. For the 35 superitems, 30 have a coefficient of
" reproducibility (r) greater than ;85, 29 do not have progaﬁilities of

misclassification greater than .15 and a significant x? was not found

for 25 superitems.’ Overall there are 12 superitems for which at

least, one negative indicator was found. For these 12 items, the A

TSN
<




Table 11

36
| Coefficient of Reproducibility (r), Probability of
! Misclassification (p), and x2 for Each Superitem
by Form--11-Year-0lds :
%, Superitem r - p o x2
» . Form 1
A3 - 967 L0465 2.5
B3 : .959 - .057 4.0
D2 .983 - .020 14, 1%%
. E6 .959 £ 049 1.2
C6 . .910 L1311« 18.0%*
- Dl .. .926 1095 1.9
A8 .910 .1532. 4.9
Form 2
B4 .981 .022 .8
F2 .759° L2462 5.8
E7 .953 .058 3.6
, - B&" - .6852 - -
R Al . ' .907 117 2.8
’ Ch : .768° 2402 10.4%
D6 .981, .016 3.1
Form 3
c2® .699 3 -- --
. BS - .990 .008 1.4
D4 .962 - .050 6.6
i E4 .981 .023 1.6
' AS .915 . .14l 6.0
E8 .924 .072 1.5
B6 .915 .129 2.9
J Form 4
F4 .873 .2032 24 ,0%*
A6 .973 .032 .9
B7 .973 .035 9.4%
A7 . 964 .039 5.5
. - El1 .955 . 041 3.6 .
: D3 .8372 .363 2 31.1%%
c3 .945 .064 . 1.8
T ‘ Form 5 "
c5 . .971 .034 1.25
A2 ‘ .906 .085 11.0%
ES5 . .990 .009 .9
B2 . .915 .075 8. 3%
A4 .990 .012 1.6
D5 .971 .041 3.1
c1 .896 .135 3.4

dcriterion not met.

bItem scaled very poorly so that P and x% were not calcu-
lated. ‘ ‘

*p < .05 47

**p-< ,01




, 37
percent correct on each of the three taxonomic levels U, M, and R is

P 3 - —
shown in Table 12, For ‘three of the items (B8, C4, and C2), one scale

mean is considerably out of 1ine'with the SOLO theory and three indicators

are negative. For superitems (F2 and'D3), there is no consistent Guttman
pattern.

'

For the remaining superitems each has a questioﬁable feature

which produced the negative indicafor. Sdperitems A2 and A8 have more 010

¢  patterns than indicated. Superitems C6, F4, and A2 have hard R questi;ns
yielding no oévyery few 111 patterﬁs. -And Superitems D2, B7, and B2 have

1, 2, and 2 idiosyncratic 011 responses which are not expect

ed. In the
\ L3
last case, we have decided that these threé items actually are satisfactory.

Thus, in ‘summary for the ll-year-olds, there are 26 §anisfactory
‘superitems, 4 questionable superitems, and 5 which do not reflect the
SOLO levels,

e

The results for the 9-year-olds are similar.

The results of the~
scalogram analysis for these students are shown in Table 13. For 30
of the 35 superitems, r is greater tgan .85 and p is less than .15, and
for 25 superitems Xz ;as not significant. In ali only 10°items have .
negative indicators. For five superitems (F2, B8, C4, C2, and F4), éll

indicators-are negative and their pattern of p values across levels is

aot consistent with the SOLO theory (see Table 14)., Three of the items

- have hard R questions (p values of o). The other two items, D1 and A5,

each had an idiosyncratic response of 011 which was not predicted. Thus,

we decided these latter two items should be considered satisfactory.

Item p values and biserial correlations are reported in the appendix.
4

Item p values and biserial Cgrrelations are reported in the appendix.

15
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Table 12

Percent Correct by SOLO Level for the Twelve Superitems.
Which. Have Significant Probability
of Misclassification-~l11-Year-0lds

SOLO Response Lgvel N
. Superitem U V | | M R i |

D2, S 73.2 ', 53.7 3.7
c6 . . 76.8 86.6 0
A8 829 84.1 13.4
F2 - 70.8 75.0 736
B8 45.8 19.4 54.2 o
Ch. , 40.3 25.0 34.7
c2 - 9.9 47.9 18.3

. | F4 79.7 93:2 2.7
B7 ©91.9. 63.5 - 14.9
D3 9%.6 43.2 35.1
A2 25.4 24 0

. B2 o 15.5 15.5 © 8.5 ) o
17 " _




Tableml3mwwvwnwmmmL,

Coefficient of Reproducibility (r), Probability of
Misclassification (p), and x? for Each Superitem
by Form--9-Year-0Olds .

K

s 39 N

Superitem r ' P A x2
A3 ..980 .020 3.4
B3 , .951 . .048 .8
D2 .971 .033 3.2
E6 1.000 . _ .00l .1
Ccé .884 - L1100 ' 14 ,8%%
Dl < .990 .010 . 17 7%
A8 : .922 .093 8.8%

. Form 2
B4 N . .988 .010 § 1.8
F20 7112 _— _—
E7 .933 o L069 3.0
B8 Y7662 .2228 - 28.2%%
Al . .966 .037 _ 1.2
cab .7332 - e
D6 A .966 .025 3.2
Forﬁ 3 '
c2 .7884 .165 23 .2%K
B5 1.000 .001 .1
D4 ' 933 .064 3.4
E4 . 1.000 .001 .09
AS .955 .043 7.9%
E8 .900 ¢ 112 : 2.9
 B6 - .977 .023 2.9
‘ Form 4
F4° | - .7592 — Lo
A6 .978 . . .021 3.9
B7 , o .934 . .084 5.7
A7 1.000 _ .001 .1
El .989 .009 1.3
% p3 .923 .085 4.2
c3 .967 .032 1.9
i Form 5
c5 : ' .977 _ .028 2.3
A2 .919 .065 9.7%
ES5 1.000 .001 .1
B2 .942 - .050 4.8
AL - .977 .027 2.5
D5 . .988 - .0l4 .9
cl ©,965 .043 2.3

E)

8criterion not met.
Item scaled very poorly so that P and x2 were not calcu-
lated. , : ’

*p < ,05 e . '

**p 2,701 ) . ' 55{)




Table 14

Percent Correct -by-SOLO Level for the Ten Superitems
: Which Bave Significant Probability
of Misclassification--9-Year-0Olds

SOLO Response Level

>

o

Superitem - U M R
c6. 29.9 - 40.0 - 0
D1 58.0 47.8 7.2
A8 ° 5;3".5 53.6 C 0

{/ F2 50.0 61,7 51.7

B8 - 35.0 10.0 40.0
c4 3.3 23.3 35.0
R , 0.0 26.7 | 6.7
A5 50.0 13.7 - 1.7
F4 . 410 6017, 0
A2 N 121 22.4 0

;
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S

Thus, for the~9—year—oids, 27 items are considered satisfactory,

3 questionable, and 5 unsatisfactory. )

P ¥

In summary, for the 32 items that were administered to all four

N - -~

» - ¥
age groups, 20 were satisfactory for all ages. Furthermore, when one

113
examines the questionable and unsatisfactory items across all ages,

ot

-

- .

each appears to have a content validity problem. Only tgo~items (B3
and F1) were questionable or unsatigfactory for just one age group
(see Table 15). "For both of those, the problem for l7-year-olds is

only with the E question (in Superiteﬁ B3, "‘question E is too easy and.

o in Fl it is too hard). Thus, when one adds to.the base 20 satisfactory

r

items the three superitems only administered to 13-, 11-, and
9-year-olds we get.25-satisfactory items for those age groups. For

17-year-olds, 29 superitems-were satisfactory. - In general, this is
oo, s !
strong evidence that the superitem format in which terms are constructed

to fit the SOLO taxonomy forms a Guttman scale.

By contrasting the p. values f{ for “each level across age levels, a
consistent picture of growth can also be shown. The means for U, M; R,
. ' J

and E scales for each age level for each”form are shown in Table 16 to

’

19. At each age the decrease in mean performance from U to R or E is

consistent,

Furthermore, since 13-, 11-, and 9-year-olds took the same forms,
a cross—sectional compari%gn indicates consistent growth. For example,
in Figurei4, the p values for the U, M, and R scales are shown for

\ ; , C.
Form 2 for three age groups. A consistent-shift in performance across

N

&0

Q ' : i
ERIC ' | \
oo : ~

o
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. .« Table 15 '
Summary of Questionable and Unsatisfactdéry Superitems
o : ‘:’ - o *
‘ , s . Age ' v
Superitem 17 _ 13 11 . 9 - T
. A2 ., - NA ? 7 ? -
. . . d\\ - R i
‘ N ) A8 R . v ? . ? ’
. B3 ’ *
) - B8 : _ Lk x ) * x T
c2 * ‘ * . * * ﬁ
; ch . %, ' * . * )
4 * ) 3 .
) c6e " . ? I . !
D3 | 7 » L |
E6 ' * * vor ‘
F1 ~ ? CONA T NA " NA
R .o ) +
F2 . ) ' * * *-
F4 . . ? * .
N
\ < i
“? Questionable |
. ) .
= * Unsatisfactory ' S . .

= .
NA Not Adm%pistered
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Table' 16
\ -
, . b \ o
A /2 Scale Means for 1/-Year-Olds on U, M, R, and E for Each Form '
s L ' : \
SOLO\§esponse Level
. - \‘ _
.Form n U M R. E
v ‘ \ ©
* 1 61 5113 5.52 3.02 .64
- 2 58 6..28 445 3.Q1 1.38
"3 65 5.91 5.43 ~2.29 .80
. 4 57 6.61 5.88 3.39 .93
. 5 62 - 6.48 5.79 3.89 .92
| !
@
it
' Table 17

—

Scale Means for 13-Year-Olds on U, M, and R for Each Form

o SOLO Response Level
i . Ty * N N
”é;ﬁEovmmuwﬂ’/’ﬂfin U 2 M R
.. . : /( ) b, c . @ 2 ©w -
A 5 d - - -D
' «-degff : 1 109 -~ 6.02 4,41 1.06
- 2 97 5.26 4.26 2.66
T 3
\ 3 95 5.52 . 4.82 < 1.71
4 95 5.96 4.06 — 1.79
5 ‘94 5431 4.37 1.23 .
3 -
N J 554
- 3 .
¢ -

¢ ¢
R
k]
DN
T
v

v '“

4

Q
‘ M
W~
& [

’
- -

-
!
4 o
.
R
AR
AS
I q' -
.
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Table 18

Scale Means for 1ll-Year-0lds on U, M, and R for Each Eorm

SOLO Response Level
Form n U - M \\ R
1 » ‘82 5.56 ‘ 3.79 41 \
2 ) 72 4.32 2.78 2.04
3 71 4.65 3765 1.04
4 74 5.22 - 3.01 .81 N
5 71 ' 4.34 3.06 41
?
Table 19 ‘ '
Scale Means fof 9-Year-0lds on U, M, and R for Each Form .
\\ SOLO Response Level '
Form n, U M R
1 69 3.86 2,10 .12
2 60 - 2.95 1.70 1.45 .
-4
60 2,92 1.50 .35 '
61 3.28 1.26 .26
58 3.57 2.19 .24
5 ~—




Figure 4.
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Profiles lof E_values on the U, M, and R scales for 13—,‘11—,
and 9-year-olds on Booklet 1 Form 2.
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age levels is clear, Similarly,gLﬁ_one were to look at individual
items, the same pattern of differences i . apparent, For example, in
Table éO, th% p values for U, M, R, and E are shown for superitems C3

and D2 for each age groub.

Although there are differences between both forms and items, the
profiles of change across age levels are consistent with the notion that
there are latent cognitive levels which underlie the SOLO taxonomy and -

that performance is cumulative and hierarchical.

Question 2. From their responses can the students at each
age level he grouped into interpretable groups
which reflect the SOLO levels?

.
For cach form the mean scores for the U, M, R, and E questions across
%

superitems were found for each student, omitting scores for the inadequate

superitems. Students were ‘then grouped via cluster analysis.
For each of the five forms of the test given to l7-year-olds, the

means of cach of the'cluster groups are given in Table 21. 1In addition,

the size of cach cluster is given and the cluster is labeled if it was
' N\

\,
\,

considered interpretable on the test. N
The number of groups found varies from' 5 to\y\ﬁepending upon the
‘ N

form. Twenty-seven of 28 groups over the five forms \were considered

interpretable. In general, the majority of students at this age are
. N
in transition between the M and R levels. A few of the studénps who
B \\
. .

took each form have R or higher patterns and a very few have U tO\M\

v ‘\n\
patterns. h

Because of this interpretability of clusters across forms, a random

sample (tc be approximately 150 students) of the total population (52%)

a
~}




Table 20

-

p values for Superitems C3

by Level of Queétion for Each

and D2

Age Group

47

SOLO Response Level
Age '
Superitem Level U M R E
C3 Y 93.0 54.4 40.4 3.5
13 88.4 30.5 14.7 -
11 70.3 33.8 5.4 -
9 45.9 9.8 1.6 -
D2 17 86.2 74.1 25.9 13.8
13 89.0 74.3 | 14.7 -
11 73{2 53.7 3.7 -
9 62.3 46.4 0.0 -
‘
o8
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Table 21

Percent Correct on Each Level for Cluster Groups,
17-Year-0lds, Forms 1 to 5

SOLO Response Level

Group n U M R E Label
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was drawn from the’total population after omitting nine students'whose
response patterns were abnormal., The cluster analysis oflthe percent
correct and information for this sample is shown in Table 22. . The
.seven groups deriQed for the 154 students are all interpretable,
Fifty-four bercent of this sample are from M to R in cognitive level,
31% are above R and 16% are below M.

For l3—yéar—olds the deriged cluster groups.for’each form varies
‘from 5 to 6. The profiles for the groups for each form are shown in
Table 23. Twenty-three of the 26 groups are interpretable. In general,
the group profiles are éround M with.a.feQ.above M and approaching R,
and a ver& few aréund U. Again, since the groups by form were interpret-

‘able, a random sampie of iSl students Qas drawn (31% of the total popula- ‘
tion) across forms after six student scores were omitted.

The éluster analysis of the profiles for this sample 1is shown in
Table 24. The largest group M comprises 50% of the sample with another
11% being M+. Fifteen percent are at level Uj; another 157% are above M.
Finally, 6% are betwéen U and M and 4% are below U. |

For the ll-year-old population, derived cluster groups for each

- form varigs from 5 to 7. The‘profiles for these groups are shown in
Table 25. Twénty—eight of the 31 profiles across forms are considered
intérpretable. However, as one would expect because of the lower grade
level, the number of "depressed" profiles for groups has increased.

In general, the profiles reflect students in transition from U to M{
_Again, a random sample of students (154) was drawﬁ from the population

(after 7 student profiles were omitted).

~ 69
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Table 22

- Percent Correct on Each Level for Cluster Groups
+ 17-Year-0lds, Sample from All Forms

L
- &

SOLO Response Level

M R E Label

Group n 1)
1 25 99 94 - 79 | 35 +E
2 22 95 88 32 - . 18 | . R
3 41 97 92 58 ©07 R
4 30 90 | 76 33 o1 \ . Mo
5 12 78 73 06 09 M
6 20 86 46 20 o1 Y
7 4 45 20 00 00 U
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Table 23 )

_Percent Correct on Each Level for Cluster Groups,
13-Year-0lds,” Forms 1 to 5 '

“
SOLO Response Level
Group n U M R . - Label
FORM 1 .

) 1 11 .91 .74 .39 M
2 63 .93 .82 .11 M
3 10 .65 .75 . .07 My
4 | 16 .86 42 .05 M
5 8 54 .31 04 U+

FORM 2
.1 14 : .89 .98 .71 . "R
2 13 1.00 1.00 .34 +R
3 43 .88 .63 .18 M>
4 16 .56 .32 .16 U+
5 9 83 .19 00 U
FORM 3
1 6 .97 ‘ .89 .72 : R
2 24 .97 .86 .38 3 R
3 13 .87 \ .55 .31 : M
4 36 .95 .75 .12 M
5 15 .66 .48 .10 : U
FORM 4 : . -
1 12 .99 .83 . .68 R
2 16 .96 .77 .38 . oR
3 15 .91 .75 .16 M
4 34 .80 .51 . .19 e
5 12 .84 .22 .07 U
6 6 42 .23 02 Uy ?
" FORM 5
1 22 .94 .93 .38 . LR

. 2 19 .80 .72 .23 LM
3 17 .91 .61 .08 | M
4 19 .61 .51 .09 L U
5 15 .54 .29 .04 \U++ ?

‘\
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s
. Table 24
Percent Correct on Each Level for Cluster Groups,
13-Year-Olds, Sample from All Forms
T ) _SOLO Response Level
. Group n. U M R Label
1 5 - .95 .94 .76 R
2’ 9 .92 1.00 .43 . R
3 8 .91 .67 .50 Mo
4 75 .92 .77 .15 ' M
5 16 .50 .48 - 706 juls
6 9 .72 .51 .13 U
B S 23 .94 44 .02 U
- 8 6 .65 .14 .00 +U
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Table 25
L Percent Correct on Each Level for Cluster Groups,. -
l1-Year-0lds, Forms 1 to 5 )
: * SOLO Response Level
i Group n U M ' R Label
- . Form 1 ‘
1 3 .90 .85 .38 R
2 6 .95 .88 .02 M
3 17 .71 .61 .08 My
4 11 42 .38 .00 Mydy 77
5 35 .93 .57 .06 M
6 8 ' .80 .25 .02 U~
7 2 .57 .07 .00 Uy or »U7?
’ &
] Form 2
1 2 .88 .88 - - .63 R
2 6 1.00 .88 , .17 M
3 4 43 .50 .00 My
4 9 1.00 .42 .11 >M
5 27 .75 A .15 U> .
6 16 .59 Jd6 .02 ’ U
7 8 .16 ‘ .09 : .00 P
Form 3 .
1 7 .98 .93 43 +R .
2 7 .95 54 .29 M-
3 ‘19 .89 .66 .07 M
4 19 .65 L4700 .18 U
5 12 .74 .28 046, U
. 6 5 .23 .10 .00 P
Form 4
1 3 1.00 .94 .39 ®OLR
2 2 .83 .50 500 M+
3 18 . .87 .62 .07 M
- 4 13 ' .62 .55 .10 My
5 24 .56 .23 .01 Ut ?
6 3 ' 90 S .29 .03 U
Form 5
1 18 .75 .72 .14 M
2 20 _ .58 46 .05 My
3 2 1.00 .64 .00 M
4 20 .66 .25 : .03 U
5 10 .31 .16 , .00 P




The cluster analysis of the profiles for this sample is shown in.

Table 26. All seven groups,areninterprefable. Fiftyﬁeight:percent
_of the‘population reflect a transition from U to M (U~ and M), Anbther
29% have feached level‘ﬁ (or M¢)‘ll% below U, and cnly 9% above M,
finally, the same_procédures were followed for the 9 year Sld

population. The number of derivea cluster groups varied from 5 to‘6
depending upon form. The profiles for those groups are shown in T;ble 27.
In general, the patterns were.more difficultvto interﬁret because of‘

the low percent correct for all R questions and mosth‘questions and

problems with "depressed' profiles. However, 23 of the 26 group profileg
. . . \\

were co&sidered int%rpretable. For students of this age, the profiles re)\
flect patterns across the U level. A random sample of students (125 or
502) was .drawn from the population (after 7 student profiles were gmitted).
The clusters formed from the profiles for this sample are ‘shown ‘
in Table 28; All six groups are interpretable. Fifty-four percent of .
the students reflect a pattern aroun?*U(*U, U or U»). Twenty—eight per-
cent are at the P level, 18% are nearing the M level. :
aThe consistency and intérpretability of the cluster profiles across
the forms indicates among other things, the stablg influence of cognitive
lﬁvels of development in the formation of the clusters. The clusters
thus formed provide support to’ the sequence of SOLO levels of responses.
Furthermore, thg clﬁsters strongly supbort the utility of the- SOLO

response categories over the developmental base stages in Piagetian

terms. According to the taxonomy, l7-year-old students should be at

formal operational level but most do not operété‘at the extended abstract
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Table 26

T Percent Correct &n Each Level for Cluster Groups, : \‘\\
. . 11-Year-0Olds, Sample from All Forms )

SOLO Response Level

Group

B
1 a

M . R Label
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Table_27 v . , o

Percent Correct on Each Level for Cluster Groups, .
’ 9-Year-0lds, Forms 1 to 5 : , :

SOLO Response Level

Group

[
[aw}

M R ¢ Label -
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Table 28°
) Percent Correct on Each Level for Cluster Groups,
- 9-Year-01ds, Sample from All Forms
) o . ' ' S ) )
- SOLO Response Level : ‘a‘ : .
Group n U Mo R ' Label
1 9 .52 .52 .07 . My
s o s
2 14 C .78 .57 .02 M
3 .18~ .80 .36 06 | =
4 7 71 .00 .06 U
5 o 42 47 .13 7 .03 »U
1Y ‘ £l
6 35 .16 .07 - .01 - P '
3 - i !
- N .: " ;
q e ¢ '
\ e ) v -
65 .
. i
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level. For example, cluster group 1 (Table 22) has the highest perfnrméq0u

on E questions, was judged to be at the ~E stage of response, and gontains

only 16% of the students at this age. The majority of l/-year-olds operate

around the relational level as seen from the size of clusters 1, 2, and 3

’ \

on the relational scale. This suggests that answering qgestions at the
extended abstract level involvés more than level of cognitive aevelopment.
Similar observations are‘obviOUS at each age level. No student profiles
a;é'above the hypothesized corresponding.level of cognitive development. In \
fact, most profiles are below the base(lével of aevelopment for an age group.
. . Again, this is strong support for the SOLO- levels end their utility in

describing responses of st%dents.

Question 3. Does the superitem test ﬁormat have an effect on the
responses to questions at various levels?

To examine whether questions in the superitems are independent, one

of the forms of Booklet 2 was administered to each student.

M, R, and E scales when imbedded in different forms is shown in Table 29.
" e

e
Significant differences between means were found in each case. Thus, one

’ For 17-year-olds, the one-way ANOVA for differences of means on the,

|
can only conclude that the questions within the superitems are not inde-

. péndent. ?uz;hefmore,\for the M and R scales, the means are in the pre-
dicted order. However; for the E scale, the mean for E on the RE battery,
which ;as predicted to be the highest, is in fact the lowest.

After examining several glternatives, we attributed this discrepangy

‘to the fact that notably few students enrolled in the advanced mathematics

and science courses (calculus, pre-calculus, or physics) took form RE

\ (see Table 30). Since one would guess these students would have more
L% . el . +
O ‘ . 6d
WJ:EEE

K . : . s , , [
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Table 29 ' |
ANOVA for Scale Means on Booklet 2--17-Year-Olds /
. : , /
_ /
Scale Te@t Form- n Mean Variance F
| | ~ /
1
, M 48 L T4 . 042 ;o 20.8%
M MR 49 / .69 .058 :
'ME 51 .48 . 044
'MR 49 / .61 .057 , 24 ,5%
R R 53 .49 .058
RE 54 .30 . 044
| :
!ME 51 .36 .019 10.3*
E RE 54 .20 024
IE 51 .25 .052
! | ‘
! /
*p < .0O0L | f
& /
| /
| . /
Table 30 j

- ) i

\

Assignment of 17-Year-Old Students |

in Advanced Courses to Test Forms

!

t

I
i

A ,
’ Advanced Tbtal ¢
Form n ‘n
i \\ v”l ,
M 10 ;48
‘R 15 \\ 53
\
E 32 \ 51
‘* \
MR 24 e
ME 16 ’ 51
/
RE 5 . f 54
! |
\ f
| |
. e,

[ Sans:
o
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familiarity with the content the questions demand students to draw upon,
their scores should be higher. The failgre to have equal distribution -
of these students across forms could account for this lack of consistency.
The two subsequent analyses of variance to examine sequence effects
for 17-year-olds are shown in Tables 31 aﬁd 32. For both the differences
in means for independent groups and for dependent groups, significant F's
were found on the M and E scales, but not the R scales, The Booklet 1
means are higher on the M scale and the Booklet 2 means are higher on the

E scale. |

For 13-year-olds, the one-way ANOVA for differences in means on\the
U, M, and R scales is shown in Table 33. Significant differences were
found in each case and the means are in the predicted order in each case.
Clearly, questions within superitems are not independent.

The two ANOVA's to examine sequence effects are shown in Iables 34
and 35. Significant differencesAwere found for each scale for both
independent and dependent groups. Furthermore, the means in both cases
are in thé expected order,

For ll-year-olds, the three ANOVA's are shown in Tables 36, 37, and
38. For all analyses as with l3—yeér—olds, signifitant differences were
found and means are in the predicted order. \

Finally, for 9-year-olds, the three ANOVA's are shown in Tables 39,
40, and 41. Significant differences in forms were fougd for all three
scales U, M, and R and the means are in the predicted order. For sequence,

significant differences were found for the U and R scales but not for the

M scale. Also, for both the U and R scales, the means are in the predicted

order.

e
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Table 31

°

ANOVA for -Scale Mean for Independent Groups across Booklets--17-Year-Olds

Scale Test Form(s) n Mean Variance F
M Booklet 1--All Forms 150 .75 \ .050 . 14.25%
Booklet 2--M, MR, ME 138 .64 i .061 .
: R Booklet 1--All Forms 140 .46 047 .03
' Booklet 2--R, MR, ME 148 46 .068
' E Booklet 1--All Forms 138 .15 .023 37.96%
Booklet 2--E, ME, RE 150 .27 .034
*p < ,001 .
Table 32

ANOVA for Differences in Scale Means for Dependent Groups across

. ) i Booklets~--17-Year-0Olds
'Differences T
) Scale Test Form(s) n in Means = Variance F
Bklt 1-Bklt 2
. M Booklet 1--All Forms 138 .16 ©.047 76.73%

Booklet 2--M, MR, ME

R Booklet 1--All Forms 148 -.01 . 048 .38
Booklet 2--R, MR, RE

E Booklet 1--All Forms 150 -.15 .029 113.51%*
Booklet 2--E, ME, RE

2

*p < 001

- <

& -
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Table 33

ANOVA for Scale Means on Booklet 2--13-Year-0Qlds

Scale Test Form n Mean Variance F
. *
U 78 .81 .013 54.32
U UM 80 .62 . 044
UR 84 .52 » .038
UM v 80 .72 _ . 021
M M 92 .52 .050 40.94%
MR 75 .42 .059 -
UR 84 .53 025
R MR 75 .40 .061
R . 81 .28 .036 32.72%
Ckp o7 001
Table 34
ANOVA for Scale Means for Independent Groups across
Booklets--13-Year-0Olds
Scale Test Form(s) .\ n Mean  Variance F
U Booklet 1--All Forms 264 79" .034 62.50%
Booklet 2--U , UM, UR 233 ) .65 .046
N Booklet 1--All Forms 235 .62 . 045 12.24%
Booklet 2--M, UM‘g MR - 242 .55 . .059
i . .
R Booklet 1--All Forms 243 .23 .039 77.17%

Booklet 2--R, UR, MR 234 .40 .051
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Table 35
3 . . ?
ANOVA for Differences in Scale Means for Dependent Groups across

) " Booklets--13-Year-Olds
. Differengég-
Scale Test Form(s) " in Means Variance F

Bklt 1-Bklt 2

M

Booklet 1--All Forms 233 .16 .050 v 124.75%
Booklet, 2--U, UM, UR | '

Booklet 1--All Forms 242 .08 . 060 25.56%
Booklet 2, M, UM, MR

Booklet 1--All Forms 234 -.16 .050 119.60%
Booklet 2--R, UR, MR
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Table 36

ANOVA -for Scale Means on Booklet 2--11-Year-0lds

Test Form

Scale n Mean Variance F
U 67 71 .037 52.29%
U UM 61 .49 .038
UR 61 .40 .020 .-
UM 61 .58 .033 43.11%
M M 57 .32 L 044
MR 63 .27 . 042
UR 61 .45 .015 59.89%
R MR 63 .24 .035
R 61 .15 .023
*poo L0018
Table 37 -
S
ANOVA for Scale Means for Independent Groups across
!. O -
Booklets--11~Year-0Olds
Scale Test Form(s) n Mean Variance F
U Booklet 1--All Forms 176 .70 .039 52.12%%*
Booklet 2=%-U, UM, UR 187 .54 .049 -
M Booklet 1--All Forms 187 47 .049 9,12%
Booklet 2--M, UM, MR 176 .39 . .059
R Booklet 1--All Forms 183 14 .025 55.60%%
Booklet 2--R, UR, MR 180 .28 .040




Table 38 =~

° ANOVA for Differences in Scale Means for Dependent Groups across

Booklets--11-Year-0lds

Differences
Test Form(s) n - in Means Variance F
Bklt 1-Bklt 2

Booklet 1--All Forms 187 14 , . .063 59.44%
Booklet 2--U, UM, UR .

Booklet 1--All Forms 176 .07 . 057 17.68%
Booklet 2--M, UM, MR

Booklet 1--All Forms 180 -.15 044 92.05%
Booklet 2--R, UR, MR
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e Table 39
ANOVA for Scale Means on Booklet 2--9-Year-Olds
Scale Test Form n Mean Variapce F
U U ; 49 .58 .030 60.46%
UM 52 .35 .023
UR 54 T .28 .013
UM : 52 .45 042 70.21%
M - M 52 .18 . *.021 :
MR 51 - .10 .013
UR 54 .32 022 75.88%
R MR 51 .11 .010
R ‘50 .06 . 006
Yp < .00l
Table 40
ANOVA for Scale Means for Independent Groups across
Booklets-~9-Year-0lds
Scale Test Form(s) . n Mean  Variance- -~ F
v Booklet 1--All Forms 152 47 .058 8.03%
' Booklet 2--U, UM, UR 153 40 . .038
M Booklet 1--All Forms , 151 .25 .039 .12
Booklet 2--M, UM, MR 154 .25 . 049
R Booklet 1--All Forms © 151 .08 t.017 25.00%*
‘Booklet 2--R, UR, MR 154 .17 .026
LI PR -01
. 001

**[) .
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Table 41
ANOVA for Differences in Scale Means for Dependent Groups acrosé

Booklets--9-Year-0lds

- o Differenceé

,Scale _ Test Form(s) ‘é?' n in Means Variance F
Bklt 1-Bklt 2 , s

U : Booklet 1--All Forms - 153 .08 ' .073 14,43%
- Booklet 2--U, UM, UR ‘ .

3 M Booklet 1--All Forms 154 . 007 ,,054 .15
) Booklet 2--M, UM, MR -
R Booklet 1--All Forms 154 -.11 . .032 60.15% )

Booklet 2--R, UR, MR

* < .001

)

Tn summary for all four age groups the questions within a superitem

,ﬂgannot~be“ébhsiﬁéréd independent.  Furthermore, .with one understandable
exception, the results suggest that asking a lower level question prior

- to a higher level question 3ncreases performance on the latter question,
e

and asking a higher level question descreases performance on a lower

level question,
Also, a sequenée effect is abparent. Responding to higher level

questions goes up on the second administration of such questions, while

responding to lower level questions goes down.

Y

°

| B
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Question 4. "What is the reliability of test made up of super~- ’
. - items? ' t.

The reliability eéstimates for ‘each_ form basea on Cureton's procedure -

i

-

are shown in TablesﬂAZ and 43, .

The estimites for forms given to the 1l7-years olds (seegTable 42)

'

vary from .55 to .82, ‘These coefficients are not high but are reasonable
8 . . . .
considering that therg are only 7 superitems per form and there was little I .

variability in the U questiqns on all forms and the E questions on Form 1,

The estimates for the forms given the three other populations are
. % . ) ’
H ,/

reported éeparaféf?wfgﬁ each age level (see Table 43), . The coefficients/ N,w«/f'x |
rahge from .42 to .72, ;48 to .74, and .35 to .fl for the 137,/11—; énd\ ,,‘
9-year-olds, respectiveiy. Thé coefficients are not High but are considered '
acceptable. \éy
Question 5. ,What is the feadiﬁg level of each superitem?
The criteria we decided toiuséhéo-iudge~whether a superitem was too
difficult for students were as follows:
For 17-year-olds (12th grade), if Flesch < 50 and one othef index > 13; ‘
tor 13-year-olds (8th gradej, if Flesch < 70 and one othér index > 9; 1 ¢

for 1l-year-olds (6th g;ade), if Flesch < 80 and one other >‘7; and for

9-year—olds (4th grade), if Flesch < 90 ana onerother index > 5. The S
overall results of the readé%ility analysis for superitems as administered

to l7—yea¥—olds are presented in Table 44. All spperitem stems and Questions:
were judged to be of reading difficulty appropriate t6 twelfth graders. Only
two superiFems have any index greater than 12.0 and 4 Flesch index in the
50's (superitem E6 on Form 2 on‘the"FOG and superitem E5 on Form\z on the

¢ N
Fry). It is interesting but not surprising that both are E items whose

©

content is probability and statistics.

75
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Tests Made Up of Superitems for

69

\ Table 42

Cureton's KR-20 Reliability Coefficient for

the Forms Given to

i

17<Year-0lds
Form n } KR=-20
1 61 .55
2 58 .82
3 65 .72
4 57 | 72 '
5 . 62 . ‘ . .73 e
v ' ‘
2
\
/
!
S /-
IR
O e
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Table 43

Cureton's KR-20 Reliability Coefficient for

g Tests Made Uip of Superitems for the Forms Given to
- | | 13-, 11-, and 9-Year-Olds
13-Year-01ds -  ;11-Year-Olds 9-Year-0lds
Form _
n KP 70 n KR-20 n  KR-20
1 109 .42 82 ©.60 60 .71
2 97 .65 ° 72 .48 60 . .50
3 95 .60 71 .74 " 60 .70
4 . 95 .72 74 .56 61 .35
-5 94 .70 Co71 .59 58 71
- \ A 3
| AN
| R
T 8 | h
* /
o . 81 . .




L , _ Table 44 o

- .

Readability Indices for Each Superitem (Stem and _Four Qdestioﬁs) by‘Form

. ’ : T @
" Superitem  Flesch Index Dale Index FOG Index ~ Fry Irdex
: ) Form 1 - : L
Cé 77.1 . 1. - 7.5 7.5
B2 . 90.0 6.8 \\\\\\\)6.8 . 5.8-
° . E8 . . 92.9 : 6.6 6.0 5.2
i F1 61.9 . 8.3- _ 7.5 110.5
- D5 95.3 6.5 4.2 3.5
.‘ B8 . 96.0 6.4 - 3.7 3.5
S Ad 72,6 . . 7.2 6.9 7.6
' Form 2 i : ]
. cs 78.0 7.4 9.2° . 7.5 v/
' D6 ‘ 67.0 8.0 10.5 . 9.2
A3 73.0 . 7.7 7.6 8.5
D2 89.0° .~ 6.8 6.5 6.5
" L6 - 56.3 . 8.5 12.5 11.6
B3 " 96.0 6.4 3.7 -
gL__—" 82.4 7.2 8.1 7.3
”// Form 3
'\ F3 . 71.1 7.8 9.4 7.6
s E7 80.1 7.3 8.0 - 7.4
2 72.9 7.7 7.3 © 7.6
- , ' D4 . .11 .-1.8 8.2 ‘8.5
- . B5 103.0 6.1 2.6 2.3
' C4 ) 101.3 6.2 3.9 3.5
_ A6 . 100,2 6.2 3.8 3.3
‘ . Form 4 ' ' . .
€3 ‘90.2 " 6.7 5.7 5.8
) B6 o 75.2 7.5 8.8 - 7.6
b3 . 92,0 6.7 4.7 - » 5.2
B4 x 71.4 7.8 8.3 . 8.5
F> 53.4 8.7 9.5 -13.5
A8 67.4 8.0 10.8 9.5 .
Fa 78.3 7.4 7.5 7.4
. _ Form 5 g N - .
- B7 , 87.8 6.8 6.0 6.6-
D1 - 86.5 7.0 7.9 6.6
£3 74.9 7.6 . 8.6 8.2
F2 93.8 6.6 6.9 6.3
‘cl 83.5 7.1 7 6.1 6.8
AL 77.0 1.5 6.0 7.2
a E4 70.3 7 1.8 10.2 8.7
NOTE:  Ltem judged too difficg&t for l7-year-olds if Flesch <50 and one other
index *13.s ’ ES

o
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Tbe overall results of thé readability analyses fo§ the stems and
U questions as administered tof13—, 11-, and 9-year olds is presenfed in
Table 45. .Fpr 13-year-olds, fLur superitems (Al, AS, ESr“and D6) were
judged to be inappropriately difficult for them and sevegal more superitems
were marginal; overall the superigems seemed appropriate for students at
this age. For ll-year-olds, the readébility of ﬁest items is questionable;
12 of 35 items were too difficult and several were marginal. Finally, for
S-year-olds, 24 items were judged too difficult and several were marginal.
lence, the reading difficulty of the problem-solving superitems in
their present format does not seem appropriate for 9~year-olds. They are
: N
marginally appropriate for ll-year-olds and are adequate for both 13-year-
01d§ and 17-year-olds,
Question 6. Wﬁat is thé relationship. of a student's pattern of
responses on a group-administered superitem test
with his/her pattern to similar items given in an
interview situation?
The interview data were gathered on a very small sample of students,
12 at each age level, and each stﬁdent was asked to respond to two super-
items,. The students were selected at each age level on the basis of an
initial cluster analysis for two of the test forms; Form S5 for the 17-.
vear-olds, and Form UMR5 for the 9-, 1l1-, and 13-year-olds, Disfegarding
outlying cases, four discrete clusters were identified at each age level.
These cluster gro&ps were not.identical, but very similar, to those veported
earlier in this report. These were from an initial analysis performed
before unsatisfactory items were omitted where we also specified the

number of cluster groups a priori. Three students were randomly selected

from each of the four clusters at each age level,

83 Y
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Table 45

73

Readability lndices for Each Superitem (Stem and Unistrugtura Level Question) by Form -

!

|

|
H
|
i

Superitemi Flesch Index Dale Index FOG Inafx Fry Index
Form 1 j ‘\M
A3 o 16.8 7.5 5. 7.5
B3 99,6 5.3 3.1 \ 3.3
D2 101.8 6.1 t 3.9 \ 3.1
E6 : 70.2 7.8 11.4 8.5
Cé6 \ 89.6 6.8 5.7 \ 5.8
pL - 87.7 6.9 7.7 \ 6.6
A8 7 70.5 7.8 9.8 | 8.5
Form 2 4
B4 80.2 7.3 k 8.1 | 7.5
CF2 86.5 6.9 6.9 \ 6.4
L E7 87.9 6.9 7.0 \ 6.8
B8 70.2 7.8 6.6 ‘ 8.3
Al 57.2 8.5 7.6 L 10.8
Ch ~102.8 6.1 3.9 : 3.2
D6 63.9 8.1 11.4 '1 9.8
Form 3 ‘ ‘
c2 76.8 7.5 5.8 N
B5 102.0 6.1 1.3 I
i D& 85.3 7.0 5.8 \ 7.0
| E4 77.5 7.4 7.6 L 7.4
" AS 53.0 8.7 2.1 I 13.7
, E8 103.5 6.0 4.6 1209
B6 75.5 7.5 8.7 L7
Form 4 2 ”
Fy 85.3 7.0 7.7 H 7.0
A6. 99.6 6.3 3.1 . 3.3
B7 83.0 7.1 6.8 7.2
A7 92.5 6.6 7.0 | 6.4
£l 81.6 7.2 8.3 » 7.4
D3 92.6 6.6 3.8 \ 3.9
Cc3 92.0 6.7 4.8 4.7
. Form 5 \
C5 '85.4 7.0 7.7 6.6
A2 83 .7 7.1 6.8 6.6
ES5 57.1 8.5 9.3 11.7
B2 93.4 6.6 6.4 16.3
Ab 69.2 7.9 7.6 18.3
D5 90.7 6.7 5,1 5.2
cl 86.0" 7.0 5.6 15.6

T

- - - " \
NOTE: TItem judged too difficult for 13-year-olds if Flesch <70 and’ﬁﬁ?zszg;;///

index >9, for ll-year-olds.if Flesch <80 and one o

9-year-olds if Flesch <90 and one-othet index >5.
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The two items administered at each age .level were selected aécording
to several criteria. First, the 10 items id Booklet 2 and in the two
forms (S5 and UMRS5) used in the ciuster analysis were eliminated from
consideration since the students had attempted them previously. Second,
the items had to discriminate reasonably weli among levels of reasoning,
insofar as this could be determined from the initial results of the item
and scalogfam analyses, A corollary concern here was that there be a
possibility'of at least a few students responding correctly at the
highest reasoning’level relevént for their age; for example, if no 17-
year-old student had responded correctly to 1he extended abstract question
in the group tests, the item was not considered for the interview at that
age level. Fin;lly, the two items were td be from different content areas.
Statistics for the selected items are‘presented in Table 46,

R & Dastaff condicting the interviews reaq the stem to 9-year-olds
while the 11-, 13—,Land’l7—year—olds read all parts of the item independently.
The stem.and the questions at each level of reason! ‘g were provided on
separate cards which wére handedAto the students on. at a time. All 9-,
'11-, and, 13-year-olds were given both the uni-structural (U) and multi-
structural (M) levels; if a student could not respond correctly or make a
reasonable attempt-at solvigg the level M question, the relational (R)
levél was not administered. The three 13-year-old students in thg»bighes&#’

IR

cluster were also given the extended aEEEEQQL/(E?/IEVEE/a;;;;ion, though

this was not the case—imi the group-administered tests. The 1l7-year-olds

»

w2re all administered the first three levels, whether or not they success-

fully responded to ea.h; however, only those students who could perfourm

LRIC

r

¥
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Table 46
. Item Meahs and Coefficients of Reproducibility
~ for Items Selected for the Validity Check
Selected Items ,
Level 17 Yrs. 13 Yrs. 11 Yrs. 9 Yrs. . ~
evel B5 A8 . B5- Al E7 Al E7 Al
Percent Correct
U .89 .98 .74 }92 .81 .80 .55 .68 o
- M .74 .96 .49 71 .52 .69 .28 .f35
- R .57 .67 .16 .36 .09 .22 . .10 .06
E 23 19 !
<
Coefficient of Reprodueibility
.907 .964 .943  .917 .953 .907  .933 .966
[
5 _‘863 ¢
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at’ the relational level were given the extended abstract questions. If |

the interviewer was uncertain how students determined their responses |

and/or to verify the level of reasoning employed, students were queried
following each question.
A comparison of percent correct for groups of students on the group-

administered booklet and the interview is shown in Tables 47 to 50.

v

Overall, for the 52 comparisons, in 46 cases the interview percent correct
&

is higher than the group administered p value. Several reasons for the

0

4

differeég;s were apparent. For U and M questions, the interviewers noted
several instances where students raised questions which clarified their

understanding of questions or got them to correct a procedure error.

For R and E ques;ioﬁs, prompts or answers to questions (or lack of answers) -
cauced students to rethink the question. And for the 9-year-olds, since
t he quéstions were read to the students in the interview situation, that

source of error was alleviated,

Nevertheless, the overall pattern of respdnses continues to strongly
4

support the SOLO taxonomy. What it indicates is that the group ‘testing
situation adds another factor to the response level interpretationi The
students in the four grougﬁ at each level are different. At ages 17-,

13-, and 9-, Group 1 performs at a higher level than the others. Groups 2 S0

and 3 have similar performance profiles but Group 3 studeut. asked more

questions, received moré prompts, etc. . And Group 4 students remained low.

b
For age 11 students, Groups 1 and 2 had similar profiles but Group 2

students needed more help and the profiles for Groups 3 and 4 were

still lower. Finally, for l3-year-olds in the interview situation, we »

» 3

[

//
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Table 47

Percent Correct on Seven Booklet 1 Superitems and

Two Interview Superitems for 17-Year-0lds

4

~m-GToup

Situation o U @ R E
1 Booklet 1 .95  1.00 .90 .29
(n = 3’) Interview 1.00 l.‘chn 1.00 .67
: 2 Booklet 1 .90 .95 .76 .19
(n = 3) Interview 1.00 1.00 .50% .50
3 Booklet 1 .95 .76 .38 .05
(n = 3) Interview 1.00 1.00 ,.67' © .50
4 Booklet 1 - .90 .52, .24 .05
(n = 3) Interview - 1.00 33% .00* .00*
SIncerview seore l‘:)ﬂkl “L score,
Table 48
Percent Correct on Seven Booklet 1 Superitems and
.Two Interview Superitems for 13-Year-Olds
" Group Situation ‘ U M R E
1 Booklet 1 . .95 .95 .24 -
(n = 3) Interview 1.00 1.00 .50, " .10
s Booklet 1 .81 A | 14 ¢
(n = 3). Interview 1.00 .83 .50
Booklet 1 .86 .67 .05
(n = 3) Interview 1.00 .83 . +33
B ' ,
4 R Booklet 1 .62 .48 .05
(n = 3) Interview 1.00 .83 17

-




78 - Table 49
Percent Correct on Seven Booklet 1*Superitems and
Two Tntervi®ew Superitems for TI=-Year-01ds

«

Group Situation U M R
; 1 Booklet 1 71 - . .81 .19
(n=3) - "Interview 1.00 - .83 .33
2 Booklet 1 .57 .48 14
(n = 3) Interview 1.00 1.00 )
3 Booklet 1 .57 ' .19 .10
(n = 3) Interview 1.00 .33 .00*
4 Booklet 1 : .19 A4 .00
(n'= 3) Interview .67 . W17 .00

*Interview score < booklet score.

e ’ Table 50
- Percent Correct on Seven Booklet 1 Superitems and

Two Interview Superitems for 9—¥egr—01ds

,’}

> Group Situation U M R
1 Booklet 1 T8l 176 .14
(n = 3) Interview 1.00 1.00 .33
2 . " Booklet 1 .57 62 .05
(n = 3) Interview - .83 .83 P .17
) ) Booklet 1 .57 .33 .00
(n = 3) Interview 1.00 .50 .17

3 “ ' .
4 Booklet 1 .38 .14 .00
; “(n = 3) Interview .83 .50 .00
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Aruitoxt provided by Eic:

asked the Group 1 students to try the E questions. In general, these

students are not ready to answer such questions although an. occasional
student may be able to work problems at this level.

The group administration of this type of superitem yields a score
. > ~ 7 2;?% .
for a student which is somewhat lower than onéﬁ ould get by interviewing .-

the student. At the Uvand M levelé; careless errors are far too common
in group administration. At the R and E levels, the capability to
respond correctly depends so ﬁuch on the content of the particular
problem that the scére must be considered a lower bound for‘a student's
level of reasoning. Thus, a student correctly answering 3 0or 4 of 7E

questions should be considered able to reason at that level. ' .

Conclusions

- ‘ i

4

in this document were to examine the construct validity of the superitems

developed in this project and to estimate the utility of the testing

' s
.procedure for large scale assessments,

The majority of items constructed in this project proved to be

Guttman true-type items. Thus, the response. patterns match the assumed

oo~

latent hierarchical and cumulative cognitive .dimension. Furthermore,
s .

‘from the question profiles for each student, clusters of students were

formed and the profiles for those clusters were interpretable in terms

o

';of“developmental base sfages and the sﬁiral nq}ions of equilibratioﬁ.

Together these findings, gave strong support to the validity of the

seéquence of SOLO levels.




80

4

|
|
The utility.of the SOLO approach fo superitem construction ana
interpretation of responses is also apparent, Answering content-based
questions at varying levels requires more than ieyel of cognitive develop-
ment. Thus, the SOLO interpretation of responses is more useful for
eduéetors and neséarphers to describe level of reasoning on school—relatgd

tasks.

B

ERIC

. . .
Aruitoxt provided by Eic: . . o . ~ R ’




References

Case, R. The underlying mechanisms of intellectual development. In J.

Biggs and J. Kirby (Eds*R, Instructional processes and individual

differences in learning. 6New York: Academic Press, 1979.

’ S : ® B
Collis, K.F. A study of concrete and formal operations in school mathe-

matics: A;Piaggtién‘Viewpoint. Melbourne: Australian Council for
Educational Research, 1975.

Collis, K.F., & Biggs, J.B. Classroom examples of cognitive development

phenomena: The SOLO taxonomy. Report prepared at conclusion of an

Educational Research and Development Committee funded,project,
University of Tasmania, 1979.

Crombach), L.J. Essentials of psycﬁological,testigg,(an Edition). New

York: Harper & Row, 1960.

Cureton, E.E. Reliability and validity:‘BasiC gssumpﬁions and experimen-

tal desigﬁs. Educational and Psychological Measurement, 1965, 25, .

327-346. *

Dale, E. A formula for predictidg readability. Educational Research

“

Bulletin, 1948, 27, 11-20.

Flesch, R. A new readability yardstick. Journal of Applied Psychology, .

1948, 32, 221.

o

- "

‘ > -
Fry, E. A readability formula that saves time. Journal of Reading,

1967-68%- 11, 513.

Gunning, R. The techniques of clear writing. New York: McGraw-Hill Book

Company, 1952

o

S




. | /

Guttman, L. The quantification of a class of attributes: A theory and

®

method for scale construction. In P.J Horst (Ed.), The prediction

of personal adjuétment. New York: Social ‘Science Research Council,

1941, pp. 319-348.

. e
! L e -

Johnson, S.C. - Hierarchical clusiering schemes. Psychometrika, 1970,

35, 241-254. _ ’ ' .

Langer, Theories pf development. New York: Holt, Rinehart, and Winston,

1969. ' \\\\

R

Neison; L.R. LERTAP. PUniversiEZAgf Otago,_Dunedé;,.New~Zealand, 1974. ) .
Nimier, J., Galmiche, J., Mandrille, A.~'MulFidimenéionallresearch on .
‘the ;ffecﬁiQe attitude of tpe pupils towards mathemafics. Paper , f
presentéd at'tﬁé Fourth International Eonfereﬁce for the Psycho;
, . ) }
logy of Mathematics Educatioq. Berkeley, %A: 1980. i
‘ Pfoctor, C.H. A pfobabilisg}caformulation and ;tatistical analysis of 1
| dﬁttganrscaliné. Psxphbmetrika, 1970, 35, 73-78.
.Rombe;g, T.A., Collis, K.F., Denovan, B.F.,"Buchanan, A.E., & Romberg, i
M.N. A régprt qﬁ'the‘NIE/ECS It;m bevelopment'Project: Th; Aev€1_v
opment of mathematicalgbroblem—solviqg}ggperitems. Madison:
il Wiscénéin.Center for Education Research,?l982.’ . _ ] . .
: T ' - N
Romberg, T.A., & Wilson, J.W. The aevelopment.of tests. In J.W. Wilééﬁ, ‘
L.S. Cahen,génd G. Begle (Eds.), NLSMA Reports Volume 7. Stanford, " ° ) 7
CA: School Mathematics Stud§ Group, 1969. »f a k . .
SAé. SAS User's Guide 1979 Edition. -Raleigh: éAS InsFitute Inc.,‘l979.
STAR. Téxtual Readiﬁg Analysis. Madiso;: Madison Public Schoojé, 1978; ;
Torgerson; W.S. The;pziand methods of spaliqg.,jNew York: Jéép/Wiley )
.f Sons, 1958. ‘ 'i g" "ak:' )
. v b‘3 ) . )
s . .




“
/ +
J -
. /"
k M .
.
v .
¥
- . \ ) .
* < 3 -
. 2
L4 £
1
] ® -
. . . C %
> - b Y .
. < , %u/ oo
w5 .
¢ ~
Appendix A
e ITEM ANALYSIS TABLES
/ ‘ # t >
Yo - B .
? / -
) - \ < '”‘\\
n\‘ - o
s _
) ‘é\. =~ !
~4 R
) ? - &
. . \ )
4 . [ .
) . .
. X" ha
s

.v‘ P ) . {}’ : -

ERIC | SO -

: Figrn)
rurisroviesin e IR . . 9 s noot -
o R . M - - — . .
o - . o R
t . ) e M

~
- .
- :
-
| <
|
83
’
>
o
fy
. A
{
‘
-
- + .
LI _
, .
.
:
L .
' .M
- — .—“ .
.
. 5
¢
4 B
\ -
’
b -
5 h
o
) a7 .3\_‘\1\
(2R o
o i ]
P
' -
s
\
>
f
.
=
>
'
a
LI YT‘ ,
>4 _ .
s N
5 -
P ~ "’_
¥
L[]
.




v B o Table Al
Results of Item Analysis by Form——l7-Year-Oids =

’

. * % Correct L Biserial\Correlationa
L« Superitem —
- : U "M R ° E - U M R E
s » /1.5 Form 1 \
T » . n = 61 .
: Cé 93.4  90.2  26.2 0 .88 .56 .64 .00
" " B2 73.8 77.0 62.3 49.2 .91 .57 .82 1.04
E8 95.1 96,7 70.5 0 W47 47 .47 . .00
F1 93.4 67.2 57.4 9.8 .88 .73 .45 .63
D5 . 95.1. 95.1 .0 0 .19 - .19 .00 .00
B8 ©62.3  42.6  70.5 3.3 .99 .92 .78 .97
N A4 100.0 .83.6 14.8 1.6 .00 - .75 .45 .87
! Form 2 '
i ) n = 58
cs - - -94.8  62.1 51.7 1.7 .79 .57 .48 -.11
. D6 89.7,' 89.7 56.9 13.8 1.02 .79 .83. 1.17
- A3 . 84.50. 63.8° 22.4 17.2 IR} § .75 77 0 .92
B2 86.2 74.1 25.9 .13.8 .89 .87 .79 .76
< - E6 89.% 22,8 ' 58.6 13.8 ' .84 .80 .79 .64
N B3 96.6 ' . 65.5 46.7 63.8 .96 - .80 1.03 276"
. % «El  .86,2, 56.9 48.3 13.8 .81 .76 - .68  <1.17
. , i A ' Form 3
L i o= 65
* F3 93.8] 66.2 60.0 23.1 .28 .84 .81. 1.13
E7 96.9 °84.6 16.9 .0 .78 . .69 .40 .00
"2 “49.2, 84.6 16.9 1.5 .83 .96 .68 .85
. D% 98.5: 95.4 13.8 10.8 .69 1.24 .81 . .68
- o BS 89.2| 73.8 56.9 123.1 #.85. .83 .76 .79
. c4 .. 76.9! 72.3 30.8 1.5 74 .76 .38 .85
. o g o A6 86.2i 66.2 -33.8 20.0 .84, .82 .80 .89
o fo | ~ Form 4
' & ) e n = 57
7 c3 93.0, .54.4 40.4 3.5 1.01 74 .80 .54
S B6 98.2 | 94s7 57.9 .0 ! .67 .62 .74 .00
‘L . D3 94.7. |- 70.2  77.2° 12.3 .63 .80 .71 .91
S B4 93.0| 87.7 64.9 57.9 .64 .80 .99 1.02
~ ES 87.71 87.7 7.0 .0 1.08 .72 .49 .00
Y A8 8.2 96.5 66.7 19.3 .26 L4774 .98/
.. 2 F4 96.51 7 96.5 24.6 0 .35 47 .64 .00
’ﬁitg‘,,’_'fg . . . - : h h 7
Y .
M Form 5 /
- 4 : n = 62 - /
" B7 96.81 87.1 45.2 35.5 - 46 .93 .62 {74
i . D1 . 93.5} 85.5. - 35.5 .0 .60 .69 .83 . /.00
- £3 - - 82.3" 67,7 66.1 25.8 1.00 .95 .66  [1.03
; . 88.7 93.5 79.0 6.5 .79 49 .35 .90
o cL 98.4  96.8 66.1 3.2 .50 .66 .85 1.11
Al 91.9 95.2 53.2 21.0 .72 .38 .90 .81
E6 _ 96.8 53.2 43.5 o 95 .69 .86 . .69, .00

b

=

IThe biserial cor;élation is'for the item with the subtest (e.g., U, M, Ry
', . *’* or.,BE) not the form as a whole. D : ;

. ~




—_——

Table A2 o 85

Results of Item Analysis gy Form-jl3‘Year—élds ;

= -

(V.

¥y

) % Correct . . Biserial Correlationa
« ‘Superitem . : , : - ——
' U’ M R : U "M R
h . Form 1
. n = 109 . .
/A A3 85.3 62.4- . .0 74 .54 .00
‘/; ) B3 _ 88.1 = 55.0 ;22,90 - 4 .53 .71 .65
, D2 - 89.0 74,3 \ 14.7 . ' 42 ©.56 .76
' E6 83.5 3.8 | 32.1 69 .63 .76
Ccé 84 .4 88.1 © N+ .9 ° .75 .78 .69
. D1 , 78.9 68.8 26.6 - .66 .62 .70
A8 f ] 92.7 78.9 9.2 T2 .69 .93
! J Form 2 ’
o n = 97
> B4 g - 83.5 50.5 35.1 77 .81 .87
F2 Y. 80.4 - 86.6 80.4 52 .4l 41
E7 90.7 80.4 9.3 .60 .51 .34
B8 ' 49.5 27.8 51.5 .55 .55 . .63
Al . 92.8 71.1 36.1 .38 64 .78
. Ch 60.8 59.8 32.0 .77 .56 .59
D6 61.9  49.5 ~21.6. .83 .85 - .81
S Form 3 3 /
n = 95 /
c2 17.9 58.9 24.2 .66 .60 .39
E5 . 74.7 49.5 -~ 16.8 *.79 .70 .72
D4 97.9 93.7 3.2 W14 .57 .97
E4 95.8 26.3 15.8 T .86 74
A5 86.3 73.7 25.3 .78 .82 -~ .88
E8 . 89.5 89.5 65.3 — 1,00 .43 46
B6 89.5 92.6 20.0 .79 77 C T4
' Form 4 ' . )
R o n= 95 :
o F4 92.6 88.4 9.5 .59 .33 .79 .
s A6 ' 89.5 . 50.5 . 21.1 ; .86 .79 73
‘ B7 90.5 = 73.7 . - 23.2 ¢ .55 67 .80
- A7 " 66.3 58.9.. . 1L.6, ‘ .70 .82 .80
~El -, . 73.7 43,27 33.7 - .68 .78 .88
" D3 : 94.7 61.1 65.3 .82 .18 .70
- c3 88.4 " 30.5 14,7 .99 .48 .76
o ®  Forttt 5 ’
L _— .mn=9 :
cs 96.8 46.8 44,7 .57 49 .64
A2 . ..53.2 '58.5 1.1 .86 .67 .25
.E5 67.0 67.0 .0 - .80 .79 .00
‘B2 ©41.5 41.5 34.0 .88 .82 1.03 -
S Ab 90.4 .53.2 8.5 © .66 , 81 1.02
‘ U5 . 94,7 88.3 .0 76 .79 .00
' - 1’ 87.2 81.9 35.1 .86 .63 .94
» 2 q *The biserial correlation is for the item with the subtest (e g.,'U, M,
r : or R) not the-form as a; whole. .
"ERIC | juote. ge
- b N




86 - ' Table A3

Results of Item Analysis by Form--11-Year-Olds

LY

% Correct -~ *  Biserial Correlation?
] Superitem U M R U M R
Form 1
. n= 82"
A3 86.6 48.8 2.4 .93 .63 .92
B3 86.6 22.0 9.8 .61 .71 1.03 e
D2 73.2 53.7 3.7 .71 .84 .57 -
E6 73.2 8.5 6.1 47 .57 .96
Cé 76.8 86.6 .0 .77 .76 .00 .
Dl 76.8 75.6 6.1 .60 .54 .82
- A8 82.9 84.1 13.4 .86 .84 1.11
Form 2
p . on =72 .
B4 77.8 18.1 . 5.6 77 .64 .58"
r2 70.8 75.0 73.6 .51 .57 .65
E7 81.9 52.8 9.7 .68 .76 .37 ‘ ~
B8 ’ 45.8 19.4 54,2 .61 .51 .62 “
Al “80.6 69.4 22.2 .52 .61 .78 '
- C4 40,3 . 25.0 34.7 .43 .27 .54
q Dé 34.7 18.1 4,2 .68 .81 .13
Form 3
n =71
Cc2 9.9 47.9 18.3 .60 .75 .58
B5 45,1 15.5 4,2 .79 .80 .88
D4 73.2 63.4 2.8 .83 .79 .40
E4 . 88.7 19.7 8.5 .61 .60 .85 )
A5 83.1 60.6 5.6 .81 .87 .70 ' o
E8 84.5 ~77.5 49.3 71 .70 .80 'j
B6 80.3 - 80.3 15.5 .75 .66 1.05 -
Form 4 o
n =174 “ . :
F4 79.7 93.2 2.7 A .56 .94 .
" A6 83.8 21.6 12.2 .68 .74 1.04 . o
B7 ) 91.9 63.5 14.9 .59 .75 .87 v
A7 ° 60.8 29.7 2.7 .65 .82 .08
El 40.5 16.2 8.1 .73 .76 - .73
D3 94,6 43.2 35.1 .65 .29 .90
C3 70.3 33.8 5.4 .91 .53 .83
Form 5
i n =71
C5 91.5 29.6 18.3 L4l .74 1.02
A2 25.4 32.4 0 .67 .80 .00
E5 46.5 39.4 .0 74 .66 .00
B2 . 15.5 15.5 8.5 .68 .66 1.04
. ... ... _._ A 90.1 35.2 - 1.4 .58 .84 .35
D5 . 887 873 T O - e— 7858 .00
Cl 76.1 66,2 12.7 .79 .69 1.06
Q %The biserial correlation is for the item with the subtest (e.g., U, NM,
: or R) not the form as a whole. 5971 -




Table A4

Results of Item Analysis by Form--9-Year-01lds

) - a

% Correct - Biserial Correlation
- Superitem U M R U M R
“sForm 1
n = 69 ]
A3 59.4 17.4 .0 .67 .70 .00
B3 ‘ 49.3 4.3 4.3 .67 .23 1.30
» D2 62.3 46.4 .0 .65 > .75 .00
E6 71.0 - .0 .0 .81 .00 .00
Cé6 29.0 40.6 .0 .67 .82 .00
D1 ’ "~ 58.0 47.8 7.2 .82 .84 1.45
A8 56.5 ' 53.6 .0 > 86 .88 00
Form 2 .
n = 60
B4 : 46.7 5.0 1.7 .67 . .64 .22
F2 50.0 61.7 51.7 .73 .67 .82
E7 55.0 28.3 10.0 J1 .72 .58
B8 35.0 10.0 40.0 .68 - .83 17
Al 68.3 35.0 6.7 .67 .63 .53
C4 33.3 23.3 35.0 .22 .62 .60
N pe 6.7 6.7 .0 46 . .85 .00
‘h L .
Form 3
n = 60
Cc2 0 26.7- 6.7 .00 .98 .91
B5 . 15.0 .0 .0 .81 .00 .00
D4 36.7 33.3 1.7 .69 .99 .51
E4 70 %Q, 1.7 .0 .65 .75 .00
A5 50.0 +13.3 1.7 .64 .57 -.51
E8 60.0 51.7 23.3 .94 . . .85 . 1.08
B6 60.0 23.3 1.7 .94 .57 .51
¢ Form 4
° n = 61
T4 41.0 60.7 .0 .58 .84 .00
A6 47.5 4.9 .0 .50 .37 .00
B7 82.0 19.7 14.8 .55 .68 1.21
. A7 29.5 1.6 .0 .62 .72 % .00 -
E1l 23.0 4.9 3.3 .26 .86 1.09
N3 59.0 24 .6 6.6 .78 .64 1.00
i3 45.9 9.8 1.6 .74 .72 .58
1
Form 5
v . n =38 .
: Cj 89.7 20.7 ~12.1 .37 .90 1.42
Al : 12.1 22.4 .0 .83 .95 .00
.E5 - 25.9 22.4 .0 .96 .71 .00
B2 " 8.6 5.2 8.6 .34 .63 1.37
Ab 72.4 34.5 1.7 .61 .76 1.79
D5 74.1 62.1 .0 .77 .71 .00
Ccl 74.1 51.7 . 1.7 .92 .74 1.14

|
|
|
|

[

. 8The biserial correlation is for the item with the subtest (e.g., U, M,
Q or R) not the form as a whole.
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